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PESTICIDES IN PEOPLE 


Total Mercury Levels in Selected Human Tissues, Idaho—1973-74 *? 


J. Gabica, W. Benson, and M. Loomis 


ABSTRACT 


Total mercury levels were determined in human tissues taken 
at autopsy from six hospitals in the three basic geographical 
areas of Idaho. Of the 242 specimens analyzed, 76 percent 
contained detectable mercury. Levels were compared with 
respect to the age, sex, and geographic residence of autop- 
sied individuals. Mean levels detected were 1.04 ppm in 
kidney tissue, 0.34 ppm in liver, and 0.08 ppm in brain. 
Mean mercury levels for the three geographical areas were: 
southeastern Idaho, 0.22 ppm; southwestern Idaho, 0.80 
ppm; and northern Idaho, 0.43 ppm. The relatively high 
means in southwestern Idaho specimens may be related to 
the preponderance of natural cinnabar deposits in that por- 
tion of the State. Mercury levels were higher in women than 
men for all tissues in both the southwestern and northern 
areas, but the reverse was true in the southeast. Data were 
compared with findings of other investigators in an attempt 
to arrive at background levels of total mercury residues in 
human tissues. 


Introduction 


Data on mercury levels in human tissues are limited. 
Mercury has not been included in most comprehensive 
studies on trace metals in human tissues. Analytical diffi- 
culties may offer a partial explanation for this exclusion 
(1,2). 


Knowledge of background levels of mercury in vari- 
ous human tissues is important because of the possible 
mutagenic effects or toxic properties of this element and 
its various compounds. Any use of mercurials as diure- 
tics, antiseptics, cathartics, or pesticides (3-6) would 
presumably contribute to mercury found in various body 
tissues. Naturally occurring cinnabar ore deposits may 
be an additional source of exposure in Idaho with its 
extensive history of mining in which large quantities of 





1Research performed under U.S. Environmental Protection Agency 
Contract No. 68-02-0552 by the Epidemiologic Studies Program (for- 
merly Pesticide Community Studies Program), Office of Pesticide 
Programs, EPA, through the Idaho Department of Health and Wel- 
fare. 

2Epidemiologic Studies Program, Department of Health and Welfare, 
Statehouse, Boise, Idaho 83720. 


VoL. 9, No. 2, SEPTEMBER 1975 


metallic mercury were used to extract gold from ore (7). 
Some of this mercury is still present in largé quantities 
in certain locations, especially streambeds throughout 
the State (8). 


The present study was intended to be a preliminary 
screening of a survey of mercury levels in certain tissues 
of humans and a wide variety of wildlife. Cause of death 
was noted in each instance but was not compared to 
mercury concentrations found. 


Autopsy and Sampling Procedures 


The State was roughly divided into three general areas, 
northern Idaho, southwestern Idaho, and southeastern 
Idaho, relating to the locations of the six participating 
hospitals (Fig. 1). The hospitals, two of which were 





Gold extraction: 
Production more than 
15,000 flasks 


Gold extraction: 
Minor production 


Natural Deposition of mercury 
Occurrence sulfide from hot spring 


+1 Sacred Heart Medical Center Northern 
Kootenai Memorial Hospital Area 
St. Alphonsus Hospital Southwestern 
St. Lukes Hospital Area 

Idaho Falls Hospital (LOS) 


Southeastern 
Bannock Memorial Hospital Area 














FIGURE 1. Map of Idaho showing sites of sampling, 
natural mercury deposits, and gold mining 





located in each of these three areas, contributed 242 
autopsy samples of kidney, liver, and brain tissues from 
patients who had died during the previous 12 months 
from a variety of causes unrelated to mercury poison- 
ing. Because tissues analyzed were from autopsies, they 
could not be considered normal. However, mean levels 
drawn from individual cases should be close to normal. 


Specimens were placed immediately in formaldehyde 
at the respective hospitals and sent to the laboratory at 
once or, in some cases, no more than 2 weeks before 
analysis. Formalin was analyzed before use and again 
after autopsy specimens had been stored in the solution. 
In no instance was mercury or any other background 
contaminant detected which might invalidate values ob- 
tained. Researchers selected homogeneous samples from 
each organ for analysis, taking care to prevent pre- 
analytical contamination from handling. All glassware 
used was scrupulously cleaned with nitric acid and 
rinsed with distilled water. 


Tissue specimens were placed on blotting paper and 
allowed to dry until most of the formalin had been 
absorbed or evaporated. Subsequently, a 1-5-g sample 
was ground in a Dual glass tissue grinder; a 1-g wet- 
weight sample was then removed for analysis. Results 
are based upon this 1-g sample. The sample was digested 
according to procedures outlined by the American Asso- 
ciation of Analytical Chemists (9). Fifty ml distilled 
water was added to a 50-ml aliquot of the digest and 
placed in a 200-ml biological oxygen demand (BOD) 
bottle. Two ml of a 5 percent potassium persulfate 
solution, 4 ml of a 5 percent KMn0O, solution, 2 ml 
of a 100-ml water solution containing 12 g NaCl and 
12 g hydroxylamine, and 5 ml of a 10 percent SnCl, 
solution were added. The mixture was stirred between 
additions (8) and was immediately put under an air 
vaporizer. Results were recorded on a Coleman 50 ana- 
lyzer by cold vapor. A standard curve of 0.01-2.00 ug 
mercury was used. 


Results and Discussion 


Mercury was found in 76 percent of all tissues tested; 
the mean value was 0.73 ppm. Mean levels by age, sex, 
and geographic area of the State for each of the tissues 
tested are listed in Table 1. Roughly 3.5 times more 
mercury occurred in kidney tissue than in liver and 
about 10 times more than in brain tissue. Kidney levels 
ranged to a high of 15.70 ppm, whereas highest con- 
centrations for liver and brain were 5.80 and 0.94 ppm, 
respectively. Corresponding mean levels in the current 
study were 1.04, 0.34, and 0.08 ppm for the same 
tissues. In comparison, Matsumoto (/0) reported levels 
of 6.60, 4.0, and 0.50 ppm in kidney, liver, and brain, 
respectively, in Japanese fetuses which succumbed to 
Minamata disease (J0, //). 


Hospitals with the highest mercury levels in all three 
organs were located in southwestern Idaho where most 


60 


of the natural mercury deposits are found (see Fig. 1 
in reference 7). The combined mean level for all tissues 
was 0.80 ppm in the southwest, whereas the mean level 
was only 0.22 ppm in the southeast and 0.43 ppm in 
the north. Nevertheless, it cannot be assumed that these 
deposits caused the higher levels. High concentrations 
were not found in this geographical area during a pre- 
vious study by Benson and Gabica in which 1,000 hair 
samples from residents throughout the State were ana- 
lyzed for total mercury (12). 


Table 2 and the Benson/Gabica study (/2) show 
that mercury levels vary according to sex of the subject 
once they approach or exceed 1 ppm. In general, levels 
in women were higher than those in men. Women over 
65 years of age had more mercury in their tissues than 
had men in the same age group. The converse was true 
for people in the 46-55- and 20-45-year age groups 
although it was less marked in the latter. The higher 
mercury levels in females of advanced age have not 
been explained. No available data show evidence of 
differences in the environmental exposure of males and 
females. Differences between residue levels in the differ- 
ent sexes cannot be attributed to cosmetics used on skin 
and hair because the same distribution with respect to 
sex was found in all organs. 


Mean residue concentrations in liver were higher in 
women than in men from all areas. Women also had 
higher average levels in the brain and kidney except for 
kidney tissue in the southeast and brain tissue in the 
north. Total residues for all three areas were higher 
among women in all tissues except kidney; in those 
tissues total values for men were slightly higher (Table 


Py. 


Dal Cortivo et al. (73) found that brain, liver, and 
kidney tissue from autopsy specimens had respective 
mean mercury levels of 0.05, 0.10, and 0.20 ppm. On 
the other hand, Kevorkian et al. (2) found much higher 
mean levels: 0.25, 7.70, and 10.36 ppm, respectively. 


Hyland et al. (7) and Howie et al. (5) reported re- 
sults similar to those of the present study except that 
Hyland found only 0.65 ppm mercury in kidney sam- 
ples. Howie’s results were corrected from dry to wet 
weight for comparison by dividing values by five. 
Takeuchi (/4) showed that mercury levels in cats 
averaged 2.00 ppm in the liver, 0.41 ppm in the kidney, 
and less than 0.10 ppm in the brain. This differs from 
the findings of the present study and from those of 
others in which highest concentrations were in kidneys. 
Takeuchi, however, is in accord with the present study 
in finding lower mercury levels in human brain tissue 
than in liver and kidney tissue. This is probably due to 
the selectivity of the blood/brain barrier, especially with 
respect to inorganic mercury (15). This barrier would 
not be active in the deposition of mercury into tissue 
of such organs as liver or kidney. 
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TABLE 1. Distribution of mercury concentrations in tissue from human autopsy samples, 
Idaho—1973-74 





No. POsITIVE 
AREA SAMPLES SAMPLES, % MEAN, PPM RANGE, PPM 
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Southeast 14 93 1.07 0-3.04 


3 67 0.06 0-0.20 
17 88 0.56 0-3.04 
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TABLE 2. Mercury levels in tissue from human autopsy samples, Idaho—1973-74 


- 


AGE RANGE, YEARS TISSUE No. SAMPLES RANGE, PPM MEAN, PPM 








7 0.00-0.73 0.07 
5 0.00-0.35 0.14 





0.00-1.11 0.12 
0.00-5.07 0.95 





0.01-0.64 
0.00-1.16 





0.00-0.08 
0.06-0.16 





0.00-0.37 
0.00-0.41 





0.00-3.04 
0.05-0.85 
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Organochlorine Pesticide Residues in Human Milk, 
Western Australia—1970-71 


Conway I. Stacey ! and Brian W. Thomas 2 


ABSTRACT 


Milk samples from 22 nursing mothers in the metropoli- 
tan area of Perth, Western Australia, have shown the pres- 
ence of DDT, DDE, dieldrin, and HCB in amounts con- 
sistent with similar surveys in other countries. Although 
mean values tend to be slightly lower than expected, their 
wide range, 0.002-0.025 ppm for DDT, suggests that a much 
larger sample should be examined to obtain a more accurate 
mean. This view is supported by values obtained in another 
survey of the same area. 


Introduction 


During the past decade there has been considerable 
interest in the presence of organochlorine pesticide resi- 
dues in human milk and their effect on breast-fed in- 
fants. The United Nations World Health Organization 
(WHO) has determined that 0.01 mg/kg/day is the 
maximum safe intake of DDT. A number of surveys 
(1-4) indicate that the DDT intake of many breast-fed 
infants has exceeded that level. With the advent of 
worldwide publicity, however, accompanied by more 
vigorous controls in many countries, DDT residues in 
human milk appear to be decreasing and the trend is 
expected to continue. 


The present investigation was initiated by the Nursing 
Mothers’ Association (NMA) of Western Australia in 
1970 when the local press was carrying articles on the 
use and effects of DDT and other chlorinated hydro- 
carbons. Members of NMA supplied samples which 
were examined for DDT, DDE, dieldrin, and HCB. 


Sampling Procedues 


In 1970-71, 22 donors supplied a total of 23 samples 
of approximately 50 ml each in specially prepared glass 





1 Department of Chemistry, Western Australian Institute of Technology, 
Hayman Road, South Bentley, Western Australia 6102. 

2Department of Physics, Western Australian Institute of Technology, 
Hayman Road, South Bentley, Western Australia. 
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containers. Samples were frozen and stored until used. 
All donors lived within a 30-mile radius of the General 
Post Office, Perth, Western Australia, the area termed 
the Perth metropolitan area. 


Each donor was asked to fill out a questionnaire indi- 
cating her weight and diet, and the frequency and 
form of pesticide use in her home. Apart from one 
woman who indicated a slight reduction of meat intake, 
no donor was on a special diet. All donors were con- 
sidered to be in good health. 


Analytical Procedures 


Each 40-ml sample was homogenized and the milk 
fats were extracted using the single extraction method 
described in the Pesticide Analytical Manual (5) of the 
Food and Drug Administration, U.S. Department of 
Health, Education, and Welfare. A modified Moats 
column cleanup was employed using a florisil column 
eluted with 20 percent methylene chloride / hexane, and 
acetonitrile. The acetonitrile residue was further eluted 
from a MgO/celite column with hexane. 


Analyses were performed using the following instru- 
ment parameters: 


Chromatograph: Gas, Varian model 1400 
Detector: Concentric tube; electron-carture, tritium 


Columns: Glass, 2 m, packed with equal parts 3 rercent QF-1 
and 1 percent DC-200 on 100-120 mesh Varaport 30. 
For confirmation: glass, 1.5 m, packed with 5 rer- 
cent SE-30 on 100-120 mesh Varaport 30. 


In addition to gas chromatography, peak identities 
were confirmed by thin-layer chromatography using 
AgNO.,-incorporated alumina. Results were corrected to 
100 percent recovery. This method detected organo- 
chlorines at a sensitivity level of 0.001 ppm (Table 1). 


Excess milk from each sample was combined. Part 
of this composite was supplied to the Government 
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TABLE 1. Organochlorine pesticide residues in human milk, 
Western Australia—1970-71 





RESIDUES IN WHOLE MILK, PPM 





SAMPLE 


No. DDE Tota, DDT DIELDRIN 





0.063 0.083 0.003 
0.057 0.074 
0.063 0.081 
0.043 0.059 
0.085 0.107 
0.019 
0.045 0.054 
0.096 
0.036 
0.040 0.049 
0.051 
0.080 0.098 
0.112 0.137 
0.134 
0.070 
0.041 
0.096 
0.106 
0.084 
0.097 
0.089 
0.042 
0.086 


CeADNP WON 




















TABLE 2. Organochlorine pesticide residues in a human 
milk composite, Western Australia—1970-71 





RESIDUES IN WHOLE MILK, PPM 
SAMPLE DDE DDT DIELDRIN HCB 








13 0.080 0.015 0.004 0.024 
22 0.085 0.015 0.005 0.024 
3 0.080 0.016 0.005 0.023 

















21Sample 1 analyzed by Government Chemical Laboratories, Perth, 
Western Australia. 

*Samples 2 and 3 are duplicates analyzed by the Western Australian 
Institute of Technology. 


Chemical Laboratories, Perth, Western Australia; the 
remainder was analyzed, in duplicate, at the Western 
Australian Institute of Technology (Table 2). 


Results and Discussion 


There is no apparent correlation between the pesticide 
residue level in the milk sample (Table 1) and the body 
weight of the donor, the lipid content of the 40-ml 
sample, or the frequency of pesticide use around the 
home (Table 3). { 

Results of the present survey show values ranging 
from 0.019 to 0.137 ppm total DDT, with an average 
value of 0.078 ppm. This represents an average infant 
intake of approximately 0.011 mg/kg/day, which is 
slightly in excess of the WHO maximum. 

DDT residues in Perth residents seem much lower 
than those obtained in similar surveys from other parts 
of the world (Table 4), although caution should be 
exercised in making such direct comparisons. 
Lofroth’s deduction that breast-fed babies in Western 
Australia might have a dieldrin intake as high as 30 
times the WHO level (6) is not substantiated by the 
present survey. However, this theory was based on an 
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average dieldrin concentration of 0.67 ppm in adipose 
tissue from a survey performed in 1965 (7). More 
recent surveys have shown a decrease in this mean (8). 
This trend of decreasing levels is also evident in an 
independent survey carried out by the Public Health 
Department of Western Australia in 1969-70 (R. Lugg, 
Public Health Department, 1973: personal communica- 
tion). The difference in DDT and dieldrin levels in the 
Public Health survey and the present study highlights 
the danger of comparing values obtained from a small 
number of samples. 


A much larger sample is needed to obtain a reliable 
baseline level of DDT and dieldrin in Western Australia. 
However, the present survey, when viewed with earlier 
deductions, tends to support the thesis that organo- 
chlorine residue levels are decreasing in Western Aus- 
tralia and other parts of the world. 


TABLE 3. Physical and environmental factors affecting nurs- 
ing mothers, pesticide survey, Perth, Western Australia— 
19 





Lipip wT (Gc) USE OF 
OF 40-ML PEsT 
SAMPLE Strip 


FREQUENCY OF 
PESTICIDE USE 
IN HoME },2 


Bopy Wr, 





1.15 yes 
0.84 no 
2.615 no 
3.095 no 
0.81 no 
1.005 yes 
0.77 yes 
2.43 yes 
1.605 no 
1.73 yes 
1.15 no 
1.045 no 
1.265 no 
0.955 no 
0.94 
1,22 no 
1.93 no 
1.225 no 
1.485 no 
1.42 
2.07 no 
0.40 no 
0.83 no 


1f = frequently: once a week or more 

r = rarely: less than once a week 

2A single donor, No. 22, reported using pesticides frequently in the 
garden. 
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TABLE 4. Mean pesticide residues in human milk from seven countries 





RESIDUES IN WHOLE MILK, PPM 





COUNTRY YEAR 


TOTAL 
DDT DIELDRIN 





1970-71 
1963-64 
1960-61 


Western Australia * 
United Kingdom ? 
United States 4 
United States ¢ 1967-68 
Western Australia 5 1969-70 
Netherlands ® 1971 
Belgium 7 1969 
Sweden * 1970 
Germany ® 1970 











0.078 
0.127 
0.12 

0.056 
0.17 

0.049 
0.128 
0.114 
0.121 














NOTE: ND = no data in the study cited. 

1 See present study. 

2 See Literature Cited, reference 3. 

3% See Literature Cited, reference 2. 

* See Literature Cited, reference 9. 

5 R. Lugg, Public Health Department, 1973: personal communication. 
® See Literature Cited, reference 4. 

7 See Literature Cited, reference 10. 

8 See Literature Cited, reference 11. 

® See Literature Cited, reference 12. 
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RESIDUES IN FISH, WILDLIFE, AND ESTUARIES 


Mercury Residues in Breast Muscle of Wild Ducks, 1970-71 * 


Thomas S. Baskett 2 


ABSTRACT 


Samples of breast muscle from 327 ducks collected from 
October 1970 to March 1971 in the conterminous United 
States were analyzed for total mercury by flameless atomic 
absorption spectrometry. Mercury levels for the entire collec- 
tion ranged from <0.01 to 3.91 ppm wet weight with a 
median of 0.10 ppm. Twenty-five ducks had levels equalling 
or exceeding the 0.5 ppm guideline for fish and shellfish 
established by the Food and Drug Administration, U.S. 
Department of Health, Education, and Welfare. Dabbling 
ducks, which are shallow-water feeders and mostly vege- 
tarian in fall, winter, and spring, usually had lower levels 
than diving and sea ducks. Levels were generally higher in 
ducks collected in areas where environmental mercury levels 
were known to be greater than in ducks from nonsuspect 
areas. Despite the mobility of the ducks, levels seemed more 
closely linked to local environmental contamination than 
to various factors associated with large geographic areas. 


Introduction 


Discoveries of high mercury levels in birds and fish 
by scientists in Sweden (1,2), Finland (3), Canada (4), 
and the United States (5) have increased concern about 
mercury levels in wild waterfowl. These concentrations 
may affect the reproduction and survival of wildlife and 
the welfare of humans because waterfowl shot by hunt- 
ers are usually eaten. The present study reports pre- 
liminary information on mercury levels in several species 
of wild ducks collected in the conterminous United 
States. 


Sampling 


From October 1970 through March 1971, 327 ducks 
were collected, principally by shooting. Dabbling ducks, 
shallow-water feeders which are usually vegetarian 





1Division of Wildlife Research, Fish and Wildlife Service, U.S. De- 
partment of Interior, Washington, D.C. 

2Missouri Cooperative Wildlife Research Unit, Fish and Wildlife Serv- 
ice, U.S. Department. of Interior, University of Missouri, Columbia, 
Mo. 65201. 
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during the seasons of collection, comprised 176 of the 
total; divers and sea ducks, deep-water feeders which 
often feed on benthic animals, numbered 151. Dabbling 
ducks collected were: mallards (Anas platyrhynchos), 
134; mottled ducks (Anas fulvigula), 16; gadwalls 
(Anas strepera), 16; black ducks (Anas rubripes), 5; 
and pintails (Anas acuta), 5. Divers and sea ducks col- 
lected were: lesser scaups (Aythya affinis), 108; canvas- 
backs (Aythya valisineria), 16; greater scaups (Aythya 
marila), 8; common goldeneyes (Bucephala clangula), 
8; white-winged scoters (Melanitta deglandi), 4; ring- 
necked ducks (Aythya collaris), 3; common scoters 
(Oidemia nigra), 3; and surf scoters (Melanitta perspi- 
cillata), 1. 


Collection locations are shown in Table 1 and Figure 
1; they are coded alphabetically to correspond with 
Tables 2 and 3 and Figures 2-5. Collections were made 
in four areas with high environmental levels of mercury; 
in most areas industrial contamination was known or 
suspected. For comparison, other collections were made 
in 17 areas not known to have high environmental levels. 
In eight of the latter areas, ducks may have been con- 
taminated by consumption of grain treated with mer- 
curic fungicides. Comparisons were made between mer- 
cury burdens of ducks collected in five locations during 
early fall and those collected in late fall or winter. 
Collection sites for this series were: Mobile County, 
Ala.; Port Lavaca, Tex.; San Francisco Bay, Calif.; Tule 
Lake, Calif.; and Brigham City, Utah. 


Mercury Analysis 


Samples were analyzed for mercury content at the 
Denver Wildlife Research Center, Fish and Wildlife 
Service (FWS), U.S. Department of Interior, by a 
flameless atomic spectrophotometric procedure devel- 
oped there (6). The procedure includes burning dried 
tissue with oxygen in a combustion flask and collecting 
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@ Nonsuspect Areas 


A Areas of Known High Mercury Levels 











FIGURE 1. Collection areas of wild ducks analyzed for mercury residues, 1970-71 


the combustion products in dilute HCl. Mercury is 
extracted from solution by amalgamation on a silver 


wire and is then volatilized into an atomic absorption 
cell by heating the wire electrically. 


Total mercury residue levels were determined by ana- 
lyzing a 1-g sample of breast muscle, the most frequently 
eaten tissue, from each bird. No special efforts were 
made to ensure a homogeneous subsampling of muscle 
tissue because previous replicate analysis had determined 
that mercury residues were distributed rather uniformly 
throughout the tissue (7). 


Results and Discussion 


Because this study was intended only to provide: broad 
indications of mercury levels in ducks, collections were 
not made randomly, and detailed statistical analyses 
were not employed. The paper presents ranges, medians, 
and the number of ducks in each collection that ex- 
ceeded the 0.5 ppm action level for mercury in edible 
portions of fish and shellfish. The action level, set by 
the Food and Drug Administration (FDA), U.S. De- 
partment of Health, Education, and Welfare, serves as 
a convenient reference point, but its relevance to hazards 
of eating wild ducks is quite limited. Fish and shellfish 
are consistently major dietary items for many people, 
but this is seldom, if ever, true of wild waterfowl shot 
in the conterminous States. Moreover, methylmercury is 
of principal concern in fish. Analyses in the present 
study were for total mercury, and the proportions of 
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the more toxic forms, methyl and ethylmercury, were 
not determined. 


Table 2 lists wet-weight mercury levels in breast muscle 
of ducks collected in areas having high environ- 
mental mercury levels which are known or suspected to 
result mostly from industrial wastes; Table 3 lists levels 
in ducks collected in nonsuspect areas. Figures 2-5 de- 
pict frequency distribution by 0.1 ppm mercury inter- 
vals, facilitating comparisons of levels in ducks collected 
in high-level regions (Fig. 2) and nonsuspect regions 
(Fig. 3-5), and levels of dabbling ducks with those of 
diving and sea ducks. 


Mercury levels in ducks from the entire collection 
ranged from <0.01 to 3.91 ppm; the median was 0.10 
ppm. Of the 327 ducks collected, 25 (7.6 percent) had 
levels equal to or greater than the 0.5 ppm action 
guideline. 


DIVING AND SEA DUCKS VERSUS DABBLING DUCKS 


In most collections, diving and sea ducks had higher 
mercury levels than had dabbling ducks. The range for 
all diving and sea ducks was 0.02-2.0 ppm with a me- 
dian of 0.19 ppm. Of 151 collected, 16 (10.6 percent) 
had residues which met or exceeded the guideline level. 
For all dabblers, the range was <0.01-3.91 ppm with 
a median of 0.05 ppm. Nine of 176 dabblers (5.1 
percent) had levels greater than or equal to 0.5 ppm. 
The generally higher levels in divers and sea ducks are 
illustrated in Figures 3-5. 
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FIGURE 2. Frequency distribution of mercury content in 
breast muscle of 98 ducks from areas of high environmental 
mercury levels 


These results were expected in light of the tendency 
of diving ducks to eat a higher proportion of animal 
food, often gleaned from bottom sediment, than do 
dabblers during fall and winter. For example, fall foods 
of a large series of lesser scaup (divers) reported by 
Martin et al. (8) were comprised of 22 percent animal 
food; the corresponding figure for mallards (dabblers) 
was 7 percent. Surface-feeding habits of dabblers may 
also contribute to their lower mercury burden, although 
they often feed in shallow waters by tipping their bodies 
underwater to obtain objects from bottom sediments. 


MOBILE COUNTY, ALABAMA, COLLECTION 


A notable exception to the tendency of diving ducks 
to have higher mercury content than that of dabblers 
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occurred in collections near Chickasaw, Mobile County, 
Ala. (Table 2, Fig. 2). A group of 12 gadwall (dab- 
blers) collected in or near the settling basin of a chlor- 
alkali plant had mercury levels in breast muscle ranging 
from 0.08 to 3.91 ppm with a median of 0.47 ppm; 
residues in 6 of the 12 exceeded 0.5 ppm. By contrast, 
concentrations in a group of 7 lesser scaup (divers) 
collected in the same region ranged from 0.14 to 2.0 
ppm. The median was 0.16 ppm and only 1 of the 7 
exceeded 0.5 ppm. 


The gadwall data clearly show the potential for high 
mercury burdens in ducks exposed to a highly polluted 
environment. The high levels in gadwall compared with 
those in lesser scaup may be attributed to the earlier 
arrival of gadwall at the contaminated site; lesser scaup 
are late breeders and thus late fall migrants (9). In 
addition, gadwall wintering in the Mobile Bay region 
tend to stay in freshwater areas, whereas lesser scaup 
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FIGURE 3. Frequency distribution of mercury content in 
breast muscle of 76 ducks from eastern U.S. areas not 
known to have high environmental mercury levels 
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use slightly more brackish water farther removed from 
sources of mercury contamination (W. W. Beshears, Jr., 
Alabama Department of Conservation and Natural Re- 
sources, Division of Game and Fish, 1975: personal 
communication). Although the gadwall diet contains 
only a very small proportion of animal food (J0), it 
is one of the few dabblers that, on occasion, dives for 
food (9). Thus, gadwalls in this collection may have 
exposed themselves to bottom sludge with high mercury 
content. 


HIGH-MERCURY AREAS VERSUS NONSUSPECT AREAS 


Known high environmental mercury levels were re- 
flected in concentrations in breast muscle of ducks. In 
dabblers from high-level areas, mercury residues ranged 
from 0.02 to 3.91 ppm with a median of 0.15 ppm; 8 
of 55 (14 percent) met or exceeded the 0.5 ppm level. 
For dabblers from nonsuspect areas, comparable figures 
were: range, <0.01-1.47 ppm; median, 0.04 ppm; and 
number at or exceeding 0.5 ppm, 1 of 121 (0.8 per- 
cent). 


Divers from areas of high mercury concentrations 
contained 0.03 to 2.0 ppm. The median was 0.27 ppm 
and 6 of 43 (14 percent) had residues equal to or 
greater than 0.5 ppm. Corresponding figures from non- 
Suspect areas were: range, 0.02-1.77 ppm; median, 
0.18 ppm; number at or exceeding 0.5 ppm, 10 of 108 
(9.2 percent). 
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FIGURE 4. Frequency distribution of mercury content in 
breast muscle of 54 ducks from western U.S. areas not 
known to have high environmental mercury levels 
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FIGURE 5. Frequency distribution of mercury content in 
breast muscle of 99 ducks from north-central U.S. areas not 
known to have high environmental mercury levels 


The higher mercury content of ducks from some high- 
level areas is illustrated by comparing frequency dis- 
tributions in Figure 2 with those in Figures 3-5. An 
example is the graph of the frequency distribution of 
dabblers from Port Lavaca, Tex. (Fig. 2, location C), 
which is flatter than that of dabblers from nonsuspect 
areas. The Port Lavaca dabblers were mottled ducks 
whose diet contains a higher proportion of animal food 
during fall and winter than that of other dabblers (8). 


EARLY VERSUS LATE COLLECTIONS 


The three gadwalls collected in Mobile County, Ala., 
December 9, 1970, had lower mercury levels than had 
7 of the 9 collected February 2-4, 1971 (Table 2, loca- 
tion B). Gadwalls collected in December were adult, 
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whereas those collected in February were immature and 
presumably had had less time to accumulate mercury 
before arriving at Mobile Bay. 


Although no correlation between the relationship of 
collection dates and mercury burdens of Mobile County 
lesser scaup could be established, it is probable that all 
lesser scaup were late migrants. 


In the Tule Lake, Calif., collection (Table 3, location 
T) there were indications that lesser scaup collected in 
February had higher mercury burdens than had those 
collected in November (February range, 0.02-1.77 ppm; 
median, 0.39 ppm; number reaching or exceeding 0.5 
ppm, 3 of 8; November range, 0.06-0.51 ppm; median, 
0.20 ppm; number at or exceeding 0.5 ppm, 1 of 8). 
Tule Lake was not considered heavily contaminated 
with mercury, so no explanation of the heavier burdens 
in February ducks is offered. There was no indication 
of higher levels in Tule Lake mallards. 


Factors mentioned above masked possible relation- 
ships of mercury burdens to the sex and age of the 
ducks. However, no evidence of consistently lighter 
burdens in immature ducks was detected. 


GEOGRAPHIC RELATIONSHIPS 


No large-scale geographic differences were discerned 
in mercury burdens of ducks collected in nonsuspect 
areas. As shown in Figures 3-5, most of the dabblers 
from each of the nonsuspect regions had residues falling 
in the lowest interval between 0.00 and 0.09 ppm. Only 
15 of the 121 dabblers from all nonsuspect regions had 
levels above 0.09 ppm. Frequency distributions for 
divers were less regular but generally similar for all 
regions. 


Local differences in environmental mercury levels 
seemed more significant than did broad geographic con- 
siderations as documented by the Alabama collection. 
Mercury levels of dabblers collected in a contaminated 
site in Mobile County (Table 2, location B; Fig. 2) 
were much higher than those of ducks collected in a 
nonsuspect area only 5-10 miles away in Baldwin Coun- 
ty (Table 3, location J; Fig. 3). 


Conclusions 


Data indicate that despite the mobility of wild ducks, 
the principal human health hazard is in eating breast 
muscle of ducks shot in a few highly contaminated 
areas. Breast muscle of dabbling ducks from large re- 
gions of the United States was relatively free of danger- 
ous contamination; only 1 of 121 dabblers collected in 
nonsuspect areas had values exceeding the FDA action 
guideline of 0.5 ppm for fish and shellfish. The potential 
hazard in eating divers is greater: about 9 percent of 
divers from nonsuspect areas had breast muscle levels 
exceeding 0.5 ppm. Livers of wild ducks, which are 
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sometimes eaten, could be expected to have still higher 
mercury levels (/0-12). 

In evaluating the human health hazards, it should be 
borne in mind that wild ducks are unlikely to be a 
dietary staple for long periods and that contamination 
by many industrial sources has been corrected or has 
diminished since collections described in this paper were 
made in 1970-71. Prohibition of mercuric fungicides for 
crop seed treatment in 1970-71 might also result in 
somewhat lower levels, particularly among grain-eating 
dabblers from agricultural areas. There is considerable 
evidence that seed-grain treatment resulted in elevated 
mercury levels in ducks and other seed-eating birds in 
the plains provinces of Canada and the north-central 
United States (/0,13-15). On the other hand, dabblers 
collected from the north-central States in the present 
study had such low mercury levels in breast muscle that 
substantial reduction from banning mercuric fungicides 
seems unlikely. Low levels in birds of this study which 
were shot in the fall may be caused in part by rapid 
excretion of mercury ingested with treated seed grain 
in spring (J, 2). 


Little is known about the effects of mercury burdens 
of the magnitude reported here on the ducks themselves. 
In Swedish studies reviewed by Selikoff (/6), muscle 
levels in pheasants (Phasianus colchicus) experimentally 
killed by treated seed ranged from 20 to 45 ppm, 5 to 
11 times higher than levels in any duck analyzed in 
the present study. Other experimental studies with 
pheasants showed that chances that their eggs would 
hatch declined when mercury levels in the mothers’ 
livers were in the range of 3 to 13 ppm (/3). A diet 
containing 3 ppm mercury as methylmercury reduced 
reproductive success in mallards (17). Sublethal dosages 
of a mercuric fungicide adversely effected avoidance 
responses of coturnix quail chicks (Coturnix coturnix) 
(18). Mercury content of muscle tissues in the experi- 
mental birds was not reported (17,/8) so results of 
these experimental studies cannot be related directly to 
those of the present study. 
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TABLE 1. Wild duck sampling sites, 1970-71 





Sites 





REGIONS WITH HIGH ENVIRONMENTAL MERCURY LEVELS 





VERMONT: Lake Champlain vicinity. (Northern half of lake 
and impoundments within % mile; possible sources of Hg in- 
clude pulp mill, sewage, miscellaneous small industries, and out- 
wash from natural deposits) 


ALABAMA: Mobile County. (Ducks collected on or within 1 
mile of settling basin of chlor-alkali plant) 


TEXAS: Lavaca Bay. (Collections within 15 miles of portion of 
Lavaca Bay then designated as polluted area; possible source 
of Hg: chlor-alkali plant) 


CALIFORNIA: San Francisco Bay. (Northeast portion: tidal 
water and marshes; possible sources of Hg include chlor-alkali 
plant, outwash from old gold extraction areas, and outwash of 
natural deposits. South portion: tidal waters; sewage, paint- 
processing plants, chipping paint from boats and yachts, and 
outwash of natural deposits) 


(Continued next page) 
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Addison, Panton, and Ferrisburg, Addison County; Missisquoi Na- 
tional Wildlife Refuge and Missisquoi Bay, Franklin County; North 
Hero, Grand Isle County. 


Chickasaw, Mobile County. 


Cox Bay, Mud Point, Smith Marsh, Calhoun County; Victoria Barge 
Canal near Bloomington, Victoria County. 


Northern part: Joice and Grizzly Islands, Suisun Marshes, Solano 
County; Napa Marshes, Napa County. Southern part: opposite South 
San Francisco and Palo Alto, San Mateo and Santa Clara counties. 
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TABLE 1 (cont’d.). Wild duck sampling sites, 1970-71 








REGIONS NOT KNOWN TO BE CONTAMINATED 





MARYLAND: Chesapeake Bay (Bay waters and tidal inlets, 
middle one-third of Bay) 


MARYLAND: West River. (Tidewater) 


NORTH CAROLINA: Curolla. (Collections made in Currituck 
Sound, brackish water) 


NORTH CAROLINA: Grandy. (Trap mortalities in Albemarle 
Sound; brackish water) 


NORTH CAROLINA: Pamlico Point. (Pamlico Sound; brack- 
ish water) 


ALABAMA: Baldwin County. (Tidal delta) 
NORTH DAKOTA: Stanton. (Missouri River) 


NORTH DAKOTA: Woodworth. (Permanent and semiperma- 
nent glacial marshes) 


NORTH DAKOTA: Pettibone (Permanent glacial marsh) 


NORTH DAKOTA: Audubon National Wildlife Refuge (Feed- 
lots) 


SOUTH DAKOTA: Marshall County. (Permanent glacial lake) 
SOUTH DAKOTA: McPherson County (Dugouts or artificial 
stock water excavations, plus semipermanent and permanent 


glacial potholes) 


SOUTH DAKOTA: Sand Lake National Wildlife Refuge. 
(Semipermanent glacial marsh) 


MINNESOTA: Itasca County (Large glacial lake) 


MINNESOTA: Agassiz National Wildlife Refuge. (Large arti- 
ficial pool) 


CALIFORNIA: Tule Lake and Lower Klamath National Wild- 
life Refuges. (Sumps on refuges, receiving drainage from agri- 
cultural lands) 


UTAH: Brigham City. (Marshes on and near Bear River Na- 
tional Wildlife Refuge) 


Poplar Island, Talbot County; Cove Point, Calvert County; Fishing 
Bay, Dorchester County. 


Near junction of West and Rhodes Rivers, Anne Arundel County. 


Corolla, Currituck County. 
Grandy, Currituck County. 


Near Lowland, Pamlico County. 


Gustang Bay, Mobile Delta, near Daphne, Baldwin County. 


Near Stanton, Mercer County. 


Vicinity of Woodworth, Stutsman County. 


5 miles SW of Pettibone, Kidder County. 

Vicinity of Coleharbor, McLean County. 

Piyas Lake, SE of Eden, Marshall County. 

Near Leola, McPherson County, and various points nearby in Mc- 
Pherson and adjacent Edmunds counties. 


Near Houghton, Brown County. 


Lake Winnibigoshish, Itasca County. 


Near Middle River, Marshall County. 


Near Tulelake, Siskiyou County. 


Near Brigham City, Box Elder County. 





TABLE 2. Total mercury in breast muscle of ducks collected in areas with high environmental mercury levels, 1970-71 





(A) Mallard Imm 0.09 
VERMONT: Black F Ad 0.06 
Lake duck Ad 0.17 
Champlain Ad 0.23 
vicinity Imm 0.09 
Imm 0.04 


11- 6-70 Common Ad 0.27 
11-11-70 goldeneye Imm 0.21 
11-21-70 Imm 0.54 
11-21-70 Ad 0.29 
11- 8-70 Ad 0.76 
11-21-70 Imm 0.46 
Imm 0.46 
Imm 0.42 


11-17-70 
11-17-70 
11-20-70 
11-17-70 
11-20-70 
11-12-70 
11-17-70 
11-29-70 














TOTAL DUCKS 

Range: Mercury levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 


TOTAL DUCKS 8 
Range: Mercury levels, ppm 0.21-0.76 
Median, ppm 0.44 
No. at 0.5 ppm or above 2 of 8 











(Continued next page) 
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TABLE 2 (cont’d.). Total mercury in breast muscle of ducks collected in areas with high 
environmental mercury levels, 1970-71 





Dass.inc Ducks Divinc aNp Sea Ducks 





LocaTION * SPECIES SEx Mercury LEVEL, PPM Ace | Mercury LEVEL, PPM 


a 
* 





(B) Gadwall 
ALABAMA: 
Mobile 
County 


0.37 
0.24 
0.08 
0.18 
3.91 
0.22 
0.16 
1.9 

0.87 
Imm 0.97 
Imm 1.2 

Imm 0.57 


TOTAL DUCKS 12 TOTAL DUCKS 


Ad 0.15 
Ad 0.16 
0.16 
Imm 0.16 
0.27 
Imm 0.14 
Ad 2.00 


MZZZZZE 























RERRSRERESZES 





Range: Mercury levels, ppm 0.08-3.9 Range: Mercury levels, ppm 
Median, ppm 0.47 Median, ppm 
No. at 0.5 ppm or above 6 of 12 No. at 0.5 ppm or above 





(C) Mottled 
TEXAS: duck 
Port 
Lavaca 


0.18 11-11-70 
0.15 11-11-70 
0.09 11-11-70 
0.43 11-19-70 
0.43 12-26-70 
0.14 12-26-70 
0.28 12-26-70 
0.43 1- 4-71 
0.35 1- 6-71 
0.07 11-11-70 
0.15 11-15-70 
0.25 11-15-70 
0.10 11-19-70 
0.37 12-26-70 
0.32 12-27-70 
0.40 12-29-70 


TOTAL DUCKS 16 TOTAL DUCKS 


Range: Mercury levels, ppm 0.07-0.43 Range: Mercury levels, ppm 
Median, ppm 3 Median, ppm 
No. at 0.5 ppm or above No. at 0.5 ppm or above 


11-11-70 
11-25-70 
11-25-70 
11-25-70 
11-25-70 
11-25-70 
11-25-70 
12-20-70 
12-27-70 
12-29-70 

1-11-71 

1-11-71 
11-20-70 
12-29-70 

2- 8-71 

2- 8-71 


TNNNNNNSSSSSSSSS 
MINIS SSSSSSESSZE 





























(D) Mallard 
CALIFORNIA: 
San 
Francisco 
Bay 


12-12-70 
12-12-70 
12-12-70 
12-12-70 
12-12-70 
12-12-70 
12- 7-70 
12- 7-70 
12- 7-70 
12- 9-70 
12-12-70 
12-12-70 


Lesser 
scaup 


Greater 
scaup 


eRe Res Be kk eke Bek 4 


Pintail 





NTIZALUAANNNSSSSSSSAEES 




















Imm 0.15 


TOTAL DUCKS 21 TOTAL DUCKS 12 


Range: Mercury levels, ppm 0.02-1.06 Range: Mercury levels, ppm 0.03-0.75 
Median, ppm 0.06 Median, ppm 
No. at 0.5 ppm or above 2 of 21 No. at 0.5 ppm or above 














NOTE: M = male, F= female, Imm = immature, Ad = adult. 
ND = no data. 
1 See Table 1 for complete description of collection locations. 
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TABLE 3. Total mercury in breast muscle of ducks collected in areas not known to be contaminated, 1970-71 





DaBBLING Ducks 


Divinc aNnp SEA Ducks 





LocaTION 1 


SPECIES 


an 
mn 
* 


AGE 


MERcuRY LEVEL, PPM 


SPECIES SEx MERcuRY LEVEL, PPM 


DaTE 





(E) 


MARYLAND: 


Chesapeake 
Bay 


Mallard Ad 
Imm 
Imm 
Imm 
Ad 
Ad 


mannZSzs 











TOTAL DUCKS 

Range: Mercury levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 


0.01 
0.06 
0.01 
0.03 
0.03 
0.06 
0.02 
0.01 


8 
0.01-0.06 
> 0.02 
0 of 8 





Common 
scoter 


0.20 
0.10 
v.06 
0.17 
0.08 
0.07 
0.43 
0.61 
0.09 
0.16 
0.05 
0.22 
0.11 
0.24 
0.15 
0.10 


TOTAL DUCKS 16 
Range: Mercury levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 


Surf scoter 
White- 
winged 
scoter 


SEEEVEE 


Canvasback 











12- 1-70 
12- 1-70 
12- 1-70 
12- 1-70 
12- 1-70 
12- 1-70 
12- 1-70 
12- 1-70 
12-31-70 
12-31-70 
12-31-70 
12-31-70 
12-31-70 
12-31-70 
12-31-70 





12-31-70 





(F) 
MARYLAND: 


West River 


No samples collected 


Canvasback 














TOTAL DUCKS 

Range: Mercurv levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 





(G) 
NORTH 
CAROLINA: 
Corolla 


Mallard 


Imm 
Imm 
Imm 


annZZSez 











TOTAL DUCKS 

Range: Mercury levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 





mnuZZizz 














TOTAL DUCKS 

Range: Mercury levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 


7 
0.10-0.47 
0.23 

0 of 7 


11- 8-70 
to 
12- 5-70 





(H) 
NORTH 
CAROLINA: 
Grandy 


Mallard Ad 
Ad 


Imm 
Ad 
Imm 


hel + 4444-4 











TOTAL DUCKS 

Range: Mercury levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 


0.01 


8 

< 0.01-0.16 
0.01 
Oof 8 





2-15-71 
2-15-71 
2-15-71 
2-15-71 
2-15-71 
2-15-71 
2-15-71 
1-15-71 


No samples collected 





(1) 
NORTH 
CAROLINA: 
Pamlico Pt. 





No samples collected 








MZREZERREE 











TOTAL DUCKS 

Range: Mercury levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 


8 
0.03-0.70 
> 0.13 


lof 8 
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TABLE 3 (cont’d.). Total mercury in breast muscle of ducks collected in areas not known to be 
contaminated, 1970-71 





Dassiinc Ducks DIvING AND SEA Ducks 


LOCATION 1 SPECIES SEX Ace | Mercury LEVEL, PPM SPECIES Sex 





Mercury LEVEL, PPM| DaTE 





(J) Gadwall 0.07 Lesser 
ALABAMA: Imm 0.02 scaup 
Baldwin Imm 0.09 

County 0.04 


0.24 11-26-70 
11-26-70 

2- 3-71 
11-26-70 
11-27-70 
11-27-70 
11-27-70 
11-26-70 

2- 3-71 





“NNZZSSERE 























TOTAL DUCKS 4 TOTAL DUCKS 9 
Range: Mercury levels, ppm 0.02-0.09 Range: Mercury levels, ppm 0.12-0.34 
Median, ppm < 0.05 Median, ppm 0.20 
No. at 0.5 ppm or above 0 of 4 No. at 0.5 ppm or above 





(K) Mallard 12-29-70 

NORTH i 12-29-70 No samples collected 

DAKOTA: 1 12-29-70 

Stanton 5 12-29-70 
12-29-70 
12-29-70 

TOTAL DUCKS 

Range: Mercury levels, ppm 

Median, ppm 

No. at 0.5 ppm or above 





(L) Mallard 
NORTH 
DAKOTA: 
Woodworth 


10- 2-70 
10- 2-70 
10- 2-70 
10- 3-70 
10- 2-70 
10- 3-70 
10- 3-70 
10-29-70 


0.11 
0.53 
0.21 
0.36 
0.12 
0.70 
0.43 
0.18 
0.12 
0.22 
0.04 
0.22 
0.37 
0.26 
0.43 10-29-70 
TOTAL DUCKS 8 TOTAL DUCKS 16 
Range: Mercury levels, ppm i Y Range: Mercury levels, ppm 0.04-0.70 
Median, ppm i Median, ppm 0.24 

No. at 0.5 ppm or above No. at 0.5 ppm or above 3 of 16 


nin iZSSz 





Inn nnnNSSeSSeesss 


























(M) Mallard : 11- 3-70 
NORTH . 11- 3-70 No samples collected 
DAKOTA: J 11- 3-70 
Pettibone Yu 11- 3-70 
11- 3-70 
11- 3-70 
11- 3-70 


TOTAL DUCKS 

Range: Mercury levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 





No samples collected 














TOTAL DUCKS 

Range: Mercury levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 
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TABLE 3 (cont’d.). Total mercury in breast muscle of ducks collected in areas not known to be 
contaminated, 1970-71 





DassLinc Ducks Divine aNnp Sea Ducks 
LOCATION 1 SPECIES | SEX | Ace | Mercury LEVEL, ppm | DaTE 


(O) 
SOUTH No samples collected 
DAKOTA: 
Marshall 
County 





a 
x 


Mercury LevEL, PPM| DATE 





0.28 10-27-70 
0.20 10-27-70 
0.26 10-27-70 
0.40 10-27-70 
0.15 10-27-70 
0.65 10-27-70 
0.38 10-27-70 
0.15 10-27-70 














“MnINZSZEE 


TOTAL DUCKS 8 
Range: Mercury levels, ppm 0.15-0.65 
Median, ppm 0.27 
No. at 0.5 ppm or above 





(P) Mallard 
SOUTH 
DAKOTA: 
McPherson 
County 


Lesser 0.15 10-15-70 
scaup i 10-15-70 

8 10-15-70 
10-15-70 
10-15-70 
10-15-70 


TNNZSSEE 




















TOTAL DUCKS TOTAL DUCKS 

Range: Mercury levels, ppm Range: Mercury levels, ppm 
Median, ppm Median, ppm 

No. at 0.5 ppm or above No. at 0.05 ppm or above 





Mallard 11-20-70 


0.03 11-20-70 No samples collected 
0.02 11-20-70 
0.02 11-20-70 
0.03 11-20-70 
0.03 11-20-70 
0.05 11-20-70 
0.02 11-20-70 


mnunzZzzek 











TOTAL DUCKS 8 
Range: Mercury levels, ppm 0.02-0.05 
Median, ppm 0.03 
No. at 0.5 ppm or above Oof 8 





(R) 0.07 10-15-70 
MINNESOTA: No samples collected 


0.15 10-15-70 
0.20 10-15-70 
0.25 10-15-70 
0.15 10-15-70 
0.10 10-15-70 
0.19 10-15-70 
0.15 10-15-70 


TOTAL DUCKS 8 
Range: Mercury levels, ppm 0.07-0.25 
Median, ppm 0.15 
No. at 0.05 ppm or above 0 of 8 


Itasca 

















(S) Mallard 
MINNESOTA: 


No samples collected 
Agassiz 











DIMI InSeee ees 





TOTAL DUCKS 

Range: Mercury levels, ppm 
Median, ppm 

No. at 0.5 ppm or above 
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TABLE 3 (cont’d.). Total mercury in breast muscle of ducks collected in areas not known to be 
contaminated, 1970-71 





Dass_inc Ducks Divinc ANp SEA Ducks 
MERcurRY LEVEL, PPM| DATE 





LOCATION * 


yn 
m 
tad 
an 
] 
* 


Mercury LEVEL, PPM| DaTE 





(T) 
CALIFORNIA: 
Tule Lake 
and Lower 
Klamath 
NWR 


0.09 11-17-70 
0.03 11-17-70 
0.06 11-17-70 
0.02 11-17-70 
0.04 11-17-70 
11-17-70 
1- 5-71 
1- 5-71 
1- 8-71 
11-17-70 
11-17-70 
1- 1-71 
1- 1-71 
1- 5-71 
1- 8-71 
F J 1- 8-71 


TOTAL DUCKS TOTAL DUCKS 

Range: Mercury levels, ppm Range: Mercury levels, ppm 
Median, ppm Median, ppm 

No. at 0.5 ppm or above No. at 0.5 ppm or above 


0.06 11-17-70 
3 11-17-70 
0.22 11-17-70 
11-17-70 
2-15-71 
2-22-71 
2-22-71 
2-22-71 
2-22-71 
11-17-70 
11-17-70 
11-17-70 
11-17-70 
2-15-71 
2-22-71 
2-22-71 


MINN NNSSSSSSSSz 
nn NI iSeeseeereez 





























10-25-70 Lesser M 10-31-70 
10-25-70 scaup F 12-29-70 
0.02 10-25-70 
0.02 10-25-70 Greater F 10-26-70 
0.01 12-14-70 scaup 
0.02 12-14-70 
0.06 12-14-70 Ring- r 10-31-70 
0.02 12-15-70 necked 10-28-70 
0.19 12-19-70 duck 10-29-70 
0.01 10-25-70 
0.03 10-25-70 
0.08 10-25-70 
0.02 10-25-70 
0.05 12-14-70 
0.06 12-14-70 


Mn NN NSSSSSSSSE 


0.02 12-14-70 


























TOTAL DUCKS 16 TOTAL DUCKS 

Range: Mercury levels, ppm 0.01-0.19 Range: Mercury levels, ppm 
Median, ppm 0.02 Median, ppm 

No. at 0.5 ppm or above 0 of 16 No. at 0.05 ppm or above 











NOTE: M = male, F = female, Imm = immature, Ad = adult. 
ND = no data. 
1 See Table 1 for complete description of collection locations. 
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Organochlorine Pesticide Residues in Small Migratory Birds, 1964-73 


David W. Johuston* 


ABSTRACT 


Chlorinated hydrocarbon pesticide burdens, especially those 
of DDT and its metabolites, have been determined for 19 
species of small terrestrial migratory birds killed chiefly at 
Florida television towers from 1964 to 1973. All 128 sam- 
ples were sorted into pools by species. All pooled samples 
except one contained DDE and often DDT and DDD; di- 
eldrin was present in 60 of the samples; but no PCB’s were 
detected. In small subsamples, [DDT (p,p’-DDT, p,p’-DDD, 
and p,p’-DDE) residues sometimes differed between males 
and females, adults and immatures, and northbound and 
southbound migrants but results of these comparisons were 
inconclusive. [DDT burdens were highest in adipose tissue 
and much lower in liver and brain samples. Epecially among 
birds taken since 1970 have the pesticide levels in adipose 
tissue been at low levels, generally less than 3 ppm SDDT. 
These low quantities are comparable to those quoted in 
other reports on birds of similar trophic levels. The insecti- 
vorous and/or partly granivorous birds feeding on or near 
the ground tended to have higher DDT levels than did 
the more arboreal species. 


Introduction 


Although the widespread occurrence and effects of bio- 
cides in natural ecosystems are matters of intense public 
interest, research reports on birds have concentrated on 
terminal members of food chains, the carnivorous and 
piscivorous species. These top carnivozes are known to 
accumulate chlorinated hydrocarbon pesticides in fatty 
tissues. In species such as osprey (Pandion haliaetus), 
double-crested cormorant (Phalacrocorax auritus), and 
peregrine (Falco peregrinus), correlations have been 
made between pesticides, especially DDE, and popula- 
tion declines, mortality, and alteration of physiological 
processes resulting in impaired reproductive success 
(1-3). Particularly symptomatic of DDT burdens are 
decreases in eggshell thickness. 

In terrestrial ecosystems, however, very little attention 
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has been given to organisms of subterminal trophic 
levels wherein stored pesticides and pollutants could 
play important roles in population dynamics. For wild 
North American migratory birds the published litera- 
ture contains scattered reports of pesticide burdens, but 
few of these reports contain data on large numbers of 
species or individuals (3-17). Additional studies have 
concentrated on pesticide effects on small bird popula- 
tions (18-24) or laboratory experiments (25-29). The 
present investigation concerns pesticide burdens of sub- 
terminal members of food chains, the myriads of small 
insectivorous, granivorous, or frugivorous birds so vital 
in the metabolism of terrestrial ecosystems. 


Sampling Methods 


For at least 20 years thousands of small birds have 
collided with tall television towers and other person- 
made structures during their autumnal and vernal noc- 
turnal migratory flights, or have died at airport ceilome- 
ters in the southeastern United States (30-32). The ma- 
jority of the birds are insectivorous vireos and warblers 
that breed in eastern North America and winter in the 
West Indies or Central America. Alert local observers 
gather the dead birds in the early morning hours, usually 
within 6 hours after death, place them in plastic bags, 
and freeze them with feather coverings intact for later 
studies. The large sample sizes have proved valuable in 
migration and distributional analyses and weight and 
fat studies, and as scientific specimens and skeletons. 
For the present investigation a total of 19 species and 
908 individuals were utilized. Autumnal individuals 
taken at the Florida sites at the beginning of p~otracted 
over-water flights were markedly obese: 30 percent or 
more of the body weight was stored subcutaneous and 
abdominal fat (33,34). On the other hand, the vernal 
migrants had completed a protracted flight from the 
south and were lean, having utilized much of the pre- 
migratory stored fat as a flight energy source (33). 
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Collection sites for birds analyzed here included the 
following Florida locations: television towers WJKS and 
WJAX, Jacksonville; WDBO tower near Orlando; 
WCTV tower north of Tallahassee; the Vertical Assem- 
bly Building, Cape Canaveral; and the Vero Beach area. 


Analytical Procedures 


For an accurate analysis of so many birds, single-night 
kills were first sorted by species, then, when possible, 
by sex and age. A sample size of 10 was sought for 
given sex and age groups, but frequently fewer than 10 
were available. Pooled samples of adipose tissue were 
dissected from the interfurcular subcutaneous depots. 
In initial analyses, liver and brain samples were also 
taken. An attempt was made to obtain approximately 
the same quantity of tissue from each bird in order not 
to bias the pooled sample. Pooled fat samples were 
weighed immediately to obtain a wet weight; these 
averaged 1.16 g with a range of 0.58-1.95 g. Each 
pooled sample was thoroughly ground and mixed with 
sodium sulfate in a VirTis homogenizer, then extracted 
for 10 hours in a Soxhlet apparatus using petroleum 
ether as a solvent. Following solvent evaporation, the 
lipid residues were weighed; average weight was 0.76 g 
with a range of 0.14-1.56 g. Lipid residues were par- 
titioned with acetonitrile and hexane, and the acetoni- 
trile fraction was cleaned on an 8 percent water de- 
activated florisil column using a 3:1 hexane:benzene 
eluant. The resulting eluate was concentrated or diluted 
in hexane, as necessary, for gas chromatography. 


Most samples were processed on a Varian 600-D gas 
chromatograph containing a 6-ft-by-%4-in. glass column 
of 1:1 6.4 percent OV-210:1.6 percent OV-17 on 
chromosorb W with an electron-capture detector. A sec- 
ond glass column of 1.5 percent OV-17:1.95 percent 
QFI on Gas-Chrom Q of similar dimensions in a Varian 
model 2100 was used for confirmation. Other instru- 


mental parameters were: injection port, 210° C; col- 
umn, 212° C; detector, 215° C; and nitrogen flow rate, 
45 ml/min. Recoveries for organochlorine compounds 
ranged from 75 to 95 percent. Sensitivity was greater 
than 0.01 mg/ml. 


Results 


SEX DIFFERENCES 


Because the investigations reported here for small mi- 
gratory birds are the first of this quantitative and com- 
prehensive nature, a number of variables in the sam- 
ples had to be evaluated and resolved at the outset. One 
question involved any possible differences in the pesti- 
cide burdens of the two sexes. Four species were se- 
lected at random and intraspecific samples of each sex 
were compared. Table 1 shows that the difference be- 
tween ZDDT (p,p’-DDT, p,p’-DDD, and p,p’-DDE) 
concentrations in each sex exceeded 50 percent in only 
two of the six comparisons. These variable differences 
suggest that, in general, attributing differences in DDT 
burdens to sex is largely unwarranted. 


AGE DIFFERENCES 


Inasmuch as autumnal samples of migratory birds killed 
at television towers or ceilometers nearly always con- 
tain a high proportion of immature individuals, i.e., 
birds-of-the-year (3/,32), it was deemed advisable to 
investigate possible differences in pesticide burdens in 
different intraspecific age groups. Eight species samples 
were used for comparisons (Table 2). In only 5 of the 
12 pairings the percentage of difference in [DDT con- 
centrations between age groups was 50 or more; hence 
it is doubtful that difference in age plays a significant 
role in pesticide burdens of these birds. 


Because the immature birds were only 4-5 months old 
at the time of death, there is a limited number of 
sources which may have contributed to their 2DDT 


TABLE 1. Differences between ZDDT residues in adipose tissue of males and females 
of selected bird species, 1964-72 





PERCENT 
DIFFERENCE ? 


SAMPLE Bopy 
LocaLity S1zE 1 WEIGHT, G 


= DDT REsiIpvuEs, 


SPECIES DaTE PPM WET WEIGHT 





May 1971 
May 1971 


Oct 1972 
Oct 1972 
Oct 1972 
Oct 1972 


Oct 1964 
Oct 1964 


Dendroica striata 
(Blackpoll Warbler) 


WJKS so 12.1 0.21 
5? 


WJKS 11.8 0.06 71 


WDBO 10Ac 1.19 
WDBO 10A? 0.66 44 
WDBO Ig 1.10 
WDBO 1019 1.55 29 


WIJAX 10Ac ; 5.35 
WJAX 9AQ ® 3.23 


Oct 1964 WIXT 3Ac 10.25 
Oct 1964 WIJXT 12A9 10.42 
May 1972 VAB 8g . 3.27 
May 1972 VAB 109? . 0.97 


Dendroica caerulescens 
(Black-throated Blue Warbler) 


Seiurus aurocapillus 
(Ovenbird) 


Setophaga ruticilla 
(American Redstart) 























NOTE: — = no data. 
1A = adult; I = immature. 
3 Difference between values expressed as a percent of the larger value. 
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TABLE 2. Differences between ZDDT residues in adipose tissue of selected bird species 
of various age groups 





SPECIES DaTEe 


AVERAGE 
Bopy = DDT REsiIpvuEs, 
WEIGHT, G PPM WET WEIGHT 


PERCENT 
DIFFERENCE 2 





car 
(Gray Catbird) 


sis Oct 1972 
Oct 1972 


Oct 1972 
Oct 1972 


Nov 1966 
Nov 1966 
fall 1969 
fall 1969 


Oct 1972 
Oct 1972 
Oct 1972 
Oct 1972 
Oct 1972 
Oct 1972 


Oct 1964 
Oct 1964 
Oct 1968 
Oct 1968 


Oct 1972 
Oct 1972 


Oct 1971 
Oct 1971 


fall 1966 
fal) 1966 





Vireo olivaceus 
(Red-eyed Vireo) 


Dendroica coronata 
(Yellow-rumped Warbler) 


Dendroica caerulescens 
(Black-throated Blue Warbler) 


Seiurus aurocapillus 
(Ovenbird) 


Geothlypis trichas 
(Common Yellowthroat) 


Setophaga ruticilla 
(American Redstart) 


Zonotrichia albicollis 
(White-throated Sparrow) 








35.8 0.33 
36.6 0.27 18 


25.0 0.50 
24.1 0.18 64 
10.4 7.09 
11.3 A 19 
11.7 , 
12.7 . 30 


12.4 P 
12.8 i 36 


357 
8 


18 
60 


ret at 
Sa 


27 


an Bu wa = 
SS 883 BS 


_ 

















NOTE: — = no data. 
1A = adult; I = immature. 
2 Difference between values expressed as a percent of the larger value. 


burdens: transfer of a DDT metabolite from parent to 
offspring in the egg; contaminated food obtained from 
parents; and food taken by the independent immature 
birds. In 8 of the 12 pairings, adults had the greater 
=DDT burdens, possibly because the 4-to-5-month-old 
immatures simply had had less time to ingest DDT- 
laden foods than had the adults aged 1 or more years. 
On the other hand, some immatures had greater DDT 
burdens than had the adults (Table 2). It is possible 
that second- or third-year adults had eliminated or 
translocated internally a portion of a DDT metabolite 
when they lost stored fat supplies during at least two 
previous long-distance flights (35-39). It is also possible 
that the immatures were raised in or migrated through 
areas with unusually high degrees of pesticide contami- 
nation. 


ORGAN DIFFERENCES 


In view of the facts that chlorinated hydrocarbon pesti- 
cides are especially fat-soluble and that fat content of 
vertebrate organs differs widely, the author analyzed 
three tissue or organ types: adipose tissue, liver, and 
brain. In every species sampled (Table 3), DDT bur- 
dens progressively decreased from adipose tissue to liver 
to brain or from adipose tissue to brain on a wet-weight 
basis. Furthermore, the author found that extractable 
lipid also decreased from adipose tissue to liver to brain 
on a percentage basis. DDT burdens, expressed on a 
lipid-weight basis, also decreased from adipose tissue to 
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brain. The difference in DDT burdens between adipose 
tissue and brain expressed on a wet-weight basis is ap- 
proximately 10 times that expressed on a lipid basis, 
partly because extractable lipids from brains represent 
only about 10 percent of the wet weight. In most analy- 
ses here only adipose tissue was sampled for pesticide 
burdens. 


INTRASAMPLE VARIATIONS 


Because so many individual birds were available, pooled 
tissue samples from sex and age groups of the same 
species were deemed advisable. Although the author 
attempted to dissect approximately the same quantity 
of a given tissue from each bird for the pooled sample, 
there is always a chance of individual variation in pesti- 
cide burdens among such large composites. 


In some instances it was possible to analyze separately 
a number of individuals of the same sex and age. For 
example, in a sample of five immature male yellow- 
billed cuckoos (Table 4), the mean [DDT burden was 
0.57 ppm with a range of 0.12-1.06 ppm. Deviation of 
minimum and maximum figures from the mean value 
is at least 75 percent. In seven adult male common 
yellowthroats the mean ZDDT burden was 3.27 ppm 
with a range of 1.93-5.39 ppm (Table 5). In this case 
the minimum deviation from the mean is approximately 
40 percent. Although these sample sizes are small and 
the study deals with small quantities of =DDT burdens, 
the average intrasample variation of 50 percent has 
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TABLE 3. Differences in pesticide residues in brain, fat, and liver of selected bird species 





SPECIES 


DaTE 


SAMPLE! 


WEIGHT, G 


RESIDUES, 
PPM WET WEIGHT 
DDE]£DDT | pieEvprin 


5 
ms 


RESIDUES, 


= DDT 


M LiPip WEIGHT 


DIELDRIN 





Mniotilta varia 


(Black-and-white Warbler) 


Dendroica caerulescens 
(Black-throated Blue Warbler) 


Dendroica palmarum 


(Palm Warbler) 


Seiurus aurocapillus 


(Ovenbird) 


Seiurus noveboracensis 


(Northern Waterthrush) 


Geothlypis trichas 


(Common Yellowthroat) 


Setophaga ruticilla 


(American Redstart) 





May 1971 
May 1972 
Nov 1972 


Sep 1970 


Oct 1972 


Nov 1972 


Oct 1972 
Nov 1972 


May 1971 
Oct 1972 
Nov 1972 


Oct 1964 


Oct 1964 


Oct 1964 
May 1972 


Nov 1972 
Oct 1972 
Oct 1969 


Oct 1972 
May 1972 
May 1972 
Nov 1972 











6A 





9.2 
9.0 
9.1 


11.0 





1.58 | 2.58 
0.02 
0.41 
0.02 
1.74 
0.02 


1,06 
0.04 
0.03 


ouUorow 


2.36 
0.26 
0.98 
0 


coos eoo coococe 
OuUYw Soe 
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1.76 
0.02 
0.48 
0 
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0.07 


© Sseeceoeooeocoseso 
nu = £cs 
oS $4 


ou 
>i 
88 














8.91 
0.99 
3.76 
1.20 
7.53 
0.56 


2.17 
1.88 
31.00 


14.17 
26.10 
5.04 
0.29 


3.54 
0.62 
1.78 
0 


24.27 
11.37 
17.25 
4.80 
12.92 
1.87 
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1A = adult; I = immature. 


TABLE 4. Pesticide burdens in adipose tissue, yellowbilled cuckoo (Coccyzus americanus) 





DaTE 


AGE! 
SEX 


Bopy 


RESIDUES, PPM WET WEIGHT 





DDD DDE 


x DDT 


DIELDRIN 





AUTUMN Oct 21, 1971 
Sept 29, 1970 


Sept 30, 1970 


x 
Oct 2, 1972 
Oct 11, 1971 
Oct 11, 1971 
Oct 11, 1971 
Oct 11, 1971 


x 
May 10, 1972 
Apr 9, 1973 


May 10, 1972 
Apr 10, 1973 


x 








Ad 
A? 
A? 








0.26 1.10 2 


Oo 
— 
N 


0 


o ecco So cooo$o:s 














1A = adult; I = immature. 
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0.04 : 0.37 
0.07 ks 0.59 


1.11 
0.12 
0.48 
0.92 
1.06 
0.29 


0.57 


04 
0. 


0 
0.41 
0.15 


37 


13 





0.06 
0.21 
0.01 


0.09 
0.03 
0 


0 
0.01 
0 


<0.01 


0 
0.02 
0 


0 
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TABLE 5. Pesticide burdens in adipose tissue, adult male 
common yellowthroats (Geothlypis trichas)— 
October 6, 1964 





SPECIMEN 


NUMBER Bopy WEIGHT, G 


RESIDUES, PPM WET W! 
DDT | DDD |} DDE 





ot td tt tt tt 
S PHP 
4 wSPOUNUBKA 


— 








0.71 
0.71 
0.56 
0.81 
0.57 
0.14 
0.25 


0.54 





0.25 2.25 
0.25 2.24 
0.07 1.71 
0.18 3.35 
0.12 4.70 
0 1.79 
0 2.21 


2.61 











been helpful in assessing possible differences in sex or 
age samples as discussed above. 


INTRASPECIFIC, INTERSPECIFIC, AND ANNUAL VARIATIONS 


As demonstrated recently by Johnston (/7), most of the 
migratory species studied here experienced a dramatic 
decrease in 2DDT burdens between 1964 and 1973; this 
trend was believed to correlate with decreased DDT 
usage in the United States. Recognizing these intraspe- 
cific temporal declines and the additional variables 
pointed out above, one must exercise caution in assess- 
ing the voluminous data on the 18 species itemized in 
Table 6. 


TABLE 6. Pesticide burdens in adipose tissue of migratory birds, Florida—1964-73 





SPECIES 


DaTEe 


LOCALITY 


SAMPLE 1 


AVERAGE 
Bopy 
WEIGHT, G 


RESIDUES, 
PPM WET WEIGHT 
DDE|= DDT | piELpRIN 


RESIDUES, 
PPM LiPip WEIGHT 
=DDT | DIELDRIN 





Chordeiles minor 
(Common Nighthawk) 


Dumetella carolinensis 
(Gray Catbird) 


Catharus ustulata 
(Swainson’s Thrush) 


Catharus fuscescens 
(Veery) 


Vireo griseus 
(White-eyed Vireo) 


Vireo olivaceus 
(Red-eyed Vireo) 


Mniotilta varia 
(Black-and-white Warbler) 


Dendroica coronata 
(Yellow-rumped Warbler) 


Dendroica striata 
(Blackpoll Warbler) 


Dendroica caerulescens 
(Black-throated Blue Warbler) 





Aug 1970 
Sept 1970 


Oct 1972 
Oct 1972 
Fall 1973 


Oct 1969 
May 1971 
Oct 1972 


Sept- 
Oct 1969 
May 1971 


Sept 1970 
Sept 1971 
Oct 1972 


Sept 1966 
March- 

Apr 1970 
Oct 1972 
Oct 1972 
Oct 1972 
Fall 1973 


Fall 1969 
Aug 1970 
Apr 1971 
May 1971 
May 1972 
Oct 1972 
Nov 1972 
Fall 1973 


Nov 1966 
Nov 1966 
Fall 1969 
Fall 1969 
Fall 1970 
Fall 1971 


Fall 1973 


May 1971 
May 1971 
May 1972 


Sept 1970 


Oct 1972 
Oct 1972 
Oct 1972 
Oct 1972 
Oct 1972 
Oct 1972 
Oct 1972 
Oct 1972 
Fall 1973 


Vero Beach 
WDBO 


WCTV 
WCTV 
WCTV 


WCTV 
WCTV 
WCTV 


WCTV 
WCTV 


WDBO 
VAB 
WJKS 








6A 
2A 
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9A 
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TABLE 6 (cont’d.). Pesticide burdens in adipose tissue of migratory birds, Florida—1964-73 





SPECIES DaTE 


AVERAGE RESIDUES, RESIDUES, 
Bopy PPM WET WEIGHT PPM LIPID WEIGHT 
WEIcHT,G | DDE|=DDT | pviecprmy| DDE|2DDT]| pietprin 





Dendroica palmarum 
(Palm Warbler) 


Oct 1969 
Oct 1970 
Oct 1971 
Oct 1972 


Nov 1972 
Oct 1971 


Fall 1973 


Oct 1964 
Oct 1964 
Oct 1964 
Oct 1964 
Sept 1967 
Oct 1968 
Oct 1968 
Apr 1969 
Sept 1969 
Sept 1969 
Sept 1970 
Sept 1970 
May 1971 
Oct 1971 
Oct 1971 
Oct 1972 
Nov 1972 
Sept 1973 


May 1971 
Oct 1972 
Nov 1972 


Seiurus aurocapillus 
(Ovenbird) 


Seiurus noveboracensis 
(Northern Waterthrush) 


Geothlypis trichas 
(Common Yellowthroat) 


Oct 1964 
Oct 1964 


Apr 1969 


Oct 1969 
Oct 1971 
May 1972 


Oct 1972 
Oct 1972 
Oct 1972 
Nov 1972 


Geothlypis trichas 
(Common Yellowthroat) 


Fall 1973 


Oct 1964 
Oct 1964 
Oct 1969 
Oct 1971 
Oct 1971 
May 1972 
May 1972 
Oct 1972 
Oct 1972 
Nov 1972 


Spr 1971 


Setophaga ruticilla 
(American Redstart) 


Dolichonyx oryzivorus 
(Bobolink ) 


Passerculus sandwichensis 
(Savannah Sparrow) 


Zonotrichia albicollis 
(White-throated Sparrow) 


Oct 1966 


Fall 1966 
Fall 1966 











9.8 . 25.07 0.85 15.38 | 31.24 1,06 

J 4.41 0.13 7.81 | 11.27 0.32 
5.05 0.29 3.81] 7.29 0.41 
8.82 0.23 3.79 | 14.17 0.37 
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NOTE: — = no data. 
1A = adult, I = immature. 


Some of the interspecific burdens are related to specific 
feeding habits. Chordeiles minor (common nighthawk), 
for example, captures flying insects which apparently 
contain minute quantities of DDT. Only a single year’s 
sample of this bird was available; hence results are not 
conclusive. Species in Table 6 known to feed on insects 
at or near ground level include Dendroica palmarum, 
Seiurus aurocapillus, S. noveboracensis, Geothlypis 
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trichas, Dolichonyx oryzivorus, Passerculus sandwichen- 
sis, and Zonotrichia albicollis. In the late 1960’s and 
early 1970’s when residue burdens in these species were 
relatively high (17), five of these species had the high- 
est residues found in the present study, ranging from 
11.5 to 40.8 ppm. Although annual samples are some- 
times few, these data suggest that ground-feeding species 
may be more susceptible to DDT-contaminated foods 
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than are birds feeding at higher levels. The gray catbird 
(Dumetella carolinensis) and Catharus spp. thrushes 
consume significant quantities of fruits and some in- 
sects. Table 6 shows that these species had relatively 
low DDT burdens, 0.27-2.25 ppm. 


Tables 4-6 illustrate the frequency of DDT or metabo- 
lites and dieldrin detection in the total samples. Of 128 
samples involving 19 species and 908 individuals, only 
one sample, an individual Coccyzus americanus, lacked 
DDT or a metabolite. Dieldrin, however, occurred less 
frequently (absent in 68 samples) and in smaller quan- 
tities (n—=45, mean—0.17 ppm) than the ZDDT bur- 
den (n= 100, mean=4.31 ppm). No PCB’s were 
found in any species studied here despite the widespread 
occurrence of these pollutants in worldwide ecosystems. 


SEASONAL VARIATIONS 

The small birds studied here migrate annually from 
breeding grounds in the eastern United States to winter- 
ing quarters in the West Indies or Central or South 
America. Birds taken from the television tower kills in 
autumn represent southbound migrants en route to win- 
tering quarters, whereas those collected in the spring 
are northbound to the breeding grounds. Several factors 
are important in determining the pesticide burdens of 
the two seasonal samples: the obese autumnal migrants 
had not yet expended much energy from their fat stores 
and therefore still retained large pesticide burdens, as- 
suming that pesticides are subsequently lost or trans- 
located from dwindling fat stores; the spring migrants 


collected in Florida had already lost much of the pre- 
migratory fat stores; an undetermined amount of pesti- 
cides had been excreted earlier by the birds; and en- 
vironmental pesticide loads in the wintering grounds 
may differ from those of the birds’ breeding habitat. 


There is no way to accurately assess all these factors, 
but data in Table 7 demonstrate that in 5 of 11 com- 
parisons the spring (northbound) samples differed more 
than 50 percent from the autumnal (southbound) sam- 
ples. Of the four species in Table 7, approximately one- 
half had higher autumnal DDT burdens. Coupled with 
these data are the seasonal burdens in yellow-billed 
cuckoos (Table 4) whose autumnal burdens were much 
higher than their spring burdens. 


Persson (40) reported a much higher DDT content in 
spring than in autumn for the migratory whitethroats 
(Sylvia communis) breeding in Sweden. She stated, 
“This suggests that the birds were subjected to a con- 
siderably higher contamination by chlorinated hydro- 
carbons during the spring migration through North 
Africa and Europe than during the late summer in 
Sweden, where the use of DDT has been prohibited 
since 1970.” 


Discussion 


Literature on DDT levels in passerine birds of similar 
trophic levels in the ecosystem suggests that the values 
reported here (Table 6) for migrants are reasonably 
comparable. Prey of peregrines in Alaska included mi- 
grant seed-eating passerines with DDT burdens of 
0.23-0.66 ppm and migrant insectivorous passerines 
with burdens of 0.45-1.51 ppm (3). Temple (1/4) re- 
ported that. DDE levels in brains of five prey species of 
merlin (Falco columbarius) ranged from 0.18 to 3.17 
ppm dry weight. Data on brain burdens in Table 3 are 
not strictly comparable to those of Temple because the 
present values are reported on a wet- or lipid-weight 
basis. For the latter, 15 samples averaged only 1.47 
ppm, although 2 samples had high levels, 11.37 ppm 


TABLE 7. Pesticide burdens in adipose tissue of spring (northbound) vs. autumn (southbound) 
samples of selected bird species 





SPECIES DaTEe LOcATION 


RESIDUES, 
PPM WET WEIGHT 
SAMPLE 1 A = DDT 


PERCENT 
DIFFERENCE 2 





Mniotilta varia 
(Black-and-white Warbler) 


May 1971 VAB 
Aug 1970 WCTV 
May 1972 VAB 
Oct 1972 WCTV 


Apr 1969 WIXT 
Sept 1969 WCTV 
May 1971 VAB 

Oct 1971 WJKS 


Seiurus aurocapillus 
(Ovenbird) 


Geothlypis trichas 
(Common Yellowthroat) Apr 1969 WISXT 
Oct 1969 WCTV 
May 1972 VAB 


Oct 1972 WJKS 


May 1972 VAB 
Oct 1972 WCTV 


Setophaga ruticilla 
(American Redstart) 
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4A 
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NOTE: — = no data. 
1A = adult; I = immature. 
2 Difference between values expressed as a percent of the larger value. 
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and 26.10 ppm. Healthy mockingbirds (Mimus poly- 
glottos) and blue jays (Cyanocitta cristata) in southern 
Florida had a mean DDE level of 1.23 ppm in brain 
tissue (7). A variety of passerine birds (whole bodies) 
analyzed by Crabtree (6) and DeWitt et al. (5) re- 
vealed DDE levels usually less than 0.9 ppm and DDT 
concentrations ranging from 0 to 26 ppm. DDE levels 
in muscle of a few passerines in Texas were mostly less 
than 0.1 ppm (J0). In his nationwide survey of star- 
lings (Sturnus vulgaris), Martin (8) stated, “Most of 
the average residues found for DDT and metabolites 
occurred in the range of <0.1-3.0 ppm; and for di- 
eldrin, in the range of <0.1-0.3 ppm” (whole body, wet 
weight). His report revealed several geographic varia- 
tions, including the fact that the southern United States 
generally had the highest concentration of ZDDT, up 
to 5 ppm. On the other hand, in Idaho, starling adipose 
tissue had a mean value of 19.23 ppm for DDE with 
an extreme of 66.97 ppm (9). 


Despite the facts that thousands of small migrants are 
killed annually by colliding with towers and buildings 
and that the present study reveals a high incidence of 
pesticide burdens in many of these birds, the author 
finds no concrete evidence that such burdens caused 
them to fly into towers. Numerous instances in the 
preceding paragraph involved noncolliding feral song- 
birds with pesticide burdens of approximately the same 
magnitude as those of colliding birds. 


Some ZDDT burdens in Table 6 appear to be excep- 
tionally high for certain species in recent years: 25.07 
ppm for Dendroica palmarum in 1969; 40.80 ppm for 
Seiurus aurocapillus in 1969; 11.49 ppm for Seiurus 
noveboracensis in 1971; 12.33 ppm for Setophaga ruti- 
cilla in 1971; 18.68 ppm for Passerculus sandwichensis 
in 1966; and 15.09 ppm for Zonotrichia albicollis in 
1966. Whether these relatively high burdens had any 
effects on the species at that time is unknown, but 
certainly if birds having such high burdens subsequently 
became prey, pesticide concentrations in the predators 
would be magnified and the consequences would likely 
be serious (3). By 1973 these relatively high concentra- 
tions in most of the small migratory birds cited above 
had significantly decreased to a mean ZDDT burden 
of approximately 1.0 ppm (/7). 


Even such low burdens can be magnified by predators 
(41). Keith and Gruchy (/2), writing about shorebirds 
as prey of peregrines, stated, “. . . it is not necessary to 
look for residue levels higher than 2 ppm in birds taken 
as food by raptors to account for the DDE levels in 
those raptors now associated with population damage.” 


As early as 1963 Bernard (4) suggested relationships 
among fat depots, DDT burdens, their lethal levels, and 


starvation. He stated, “. . . when the fat reserves are 
utilized (as in starvation), the DDT may be released 
to more sensitive areas (such as the brain) resulting 


86 


in tremors followed by death. Some birds might retain 
sublethal amounts of DDT in fat all summer and perish 
in winter or during migration when fats are utilized.” 
For migratory birds, especially those that experience 
excessive premigratory fat deposits such as the 19 
species of the present study, Bernard’s thesis might be 
correct, although there is as yet no first-hand evidence 
that obese, pesticide-laden birds “. . . perish . . . during 
migration when fats are utilized.” Indeed there exists at 
least laboratory evidence that birds and some other 
vertebrates dispose of some pesticide quantities by a 
variety of mechanisms including kidney excretions 
(42-45) and oil secreted from uropygial glands (45). 
On the other hand, starved birds may experience redis- 
tribution of pesticides from diminished fat depots to 
skeletal muscles (37) or the central nervous system 
(36,38). By analyzing adipose tissue and brain of obese 
premigratory and lean postmigratory birds, the author 
concluded in an earlier report (/6) that the lean post- 
migrants had not concentrated the DDT burdens in the 
remaining fat depots nor translocated them to the brain. 
DDT burdens of the postmigrants could have been 
partly excreted or translocated to tissues other than the 
brain. 


The extent to which any DDT burdens reported here 
affected the bird populations is unknown. Certainly 
songbird breeding populations are known to decrease in 
areas heavily sprayed with DDT (4,/1,/8-20,22,23). 
Sublethal effects in feral birds are more difficult to de- 
tect; cases of eggshell thinning in songbirds have not 
been positively attributed to pesticides. Yet Jefferies 
(27,29) showed that Bengalese finches (Lonchura 
striata) fed DDT experienced a reduction in fertility, 
hatchability of eggs, and fledging success. When starved, 
some captive cowbirds (Molothrus ater) previously 
dosed on DDT mobilized the DDT to the point of 
death (26,46). 
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Insecticide Residues in the Tuttle Creek Reservoir Ecosystem, Kansas—1970-7] * 


Harold E. Klaassen* and Ahmed M. Kadoum* 


ABSTRACT 


Various components of the aquatic ecosystem of Tuttle 
Creek Reservoir on the Big Blue River in northeastern 
Kansas were examined for organochlorine insecticide resi- 
dues in 1970-71. Components examined were water, sedi- 
ments, periphyton, zooplankton, insects, and whole-body 
samples of 10 common fish species. 


Only dieldrin and SDDT residues were detected. Dieldrin 
was found in part of the nonfish samples at levels ranging 
up to 0.01 ppm and in 97 percent of the fish samples with 
a high level of 0.17 ppm. ZDDT residues were also de- 
tected in part of the nonfish samples at levels ranging up 
to 0.42 ppm, and in 98 percent of the fish samples at levels 
as high as 0.57 ppm. Authors’ findings are roughly similar 
to those of other surveys of Kansas fishes. All levels are 
relatively low compared with those reported in surveys from 
other parts of the Nation. 


Introduction 


The use of agricultural chemicals has become an ac- 
cepted practice during the last few decades but the safety 
of many of these compounds has been challenged in the 
renewed awareness of environmental responsibility. 
Many people are concerned about the ecological effects 
of persistent residues and their potential hazard to hu- 
mans who may be consuming them. Of special concern 
are effects of long-lived insecticides on fish and wildlife. 
Sport enthusiasts often are unsure whether the fish they 
catch are safe to eat. 


This paper deals with residues of organochlorine insecti- 
cides in water, sediments, periphyton, zooplankton, in- 
sects, and fishes of Tuttle Creek Reservoir, a popular 
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sport-fishing reservoir in Kansas. It is based on an ex- 
tensive survey of residues in the reservoir ecosystem with 
emphasis on fish in a wide range of trophic levels. 


Methods 


STUDY AREA 


Samples were collected from Tuttle Creek Reservoir, a 
flood control lake on the Big Blue River. The reservoir, 
which was completed in 1962, is about 8 km north of 
Manhattan in northeastern Kansas. At conservation level 
its surface area is about 6,400 ha. and it extends ap- 
proximately 35 km northward into the river valley. The 
reservoir is long and narrow with a few short coves 
(Fig. 1). The deepest part over the flood plain (about 
15 m) is near the dam; mean depth is about 8 m. Water 
conditions are typical of plains reservoirs in that thermal 
stratification rarely occurs and the water is faiily turbid. 


The area which drains into the reservoir extends ap- 
proximately 240 km northward into southeastern Ne- 
braska (Fig. 1). The watershed above the dam is 
2,591,000 ha. (6,400,000 acres), a large proportion of 
which is under agricultural cultivation. Major crops are 
grain sorghum, corn, and wheat. 


COLLECTION OF SAMPLES 


Fish samples were collected at two sites, one at the north 
end of the reservoir just north of Randolph Bridge and 
one near the southeast corner at McIntire cove (Fig. 1). 
At the north site, the central reservoir area was 2-3 m 
deep and could be sampled readily. Samples from the 
south side were collected from the cove because fish 
were scarce and difficult to sample in the deep open 
water. Samples from both sites were taken at various 
places from near shore to the middle of flood plain. 
Fishes were usually collected for 2 or 3 weeks during 
three seasons: summer 1970, fall 1970, and spring 
1971. 
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FIGURE 1. 


Water samples were taken from the surface of the open 
water; sediment samples were taken with an Ekman 
dredge in open water and the surface inch was retained 
for analyses. Zooplankton was collected with a No. 20 
mesh plankton net. Bottom insects were collected with 
an Ekman dredge and periphyton was scraped off rocks 
or trees on the edge of the reservoir. Fish were collected 
with bottom-fishing gill nets with eight mesh sizes rang- 
ing from % to 4 in. square. 


The ten species of fish collected for residue analysis 
included popular game fishes, the main forage fish, and 
the most common rough fish. These species, in increas- 
ing order of trophic position, included gizzard shad 
(Dorosoma cepedianum), river carpsucker (Carpiodes 
carpio), smallmouth buffalo (Ictiobus bubalus), carp 
(Cyprinus carpio), channel catfish (Ictalurus punctatus), 
freshwater drum (A plodinotus grunniens), white crappie 
(Pomoxis annularis), white bass (Morone chrysops), 
walleye (Stizostedion vitreum), and longnose gar (Lepi- 
sosteus osseus). Fish were grouped into three size cate- 
gories, small, medium, and large, because the degree of 
maturity may influence residue content. Immature young 
that were 1 year old or less were classified as small. 
Medium-size fishes were those starting to mature and to 
interest persons fishing in the reservoir. Large fishes 
were definitely mature and would be considered accept- 
able catch by sports enthusiasts. 


Samples included up to 10 fish of one size of the same 
species. In most cases there were fewer but in several 
instances small fish that had hatched in the year of 
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Map of Kansas and Nebraska showing sampling sites of Tuttle Creek Reservoir drainage basin. 


collection were taken in larger numbers to get enough 
biomass for analysis. Samples were frozen until analysis. 


SAMPLE PROCESSING 


The entire body of each fish was ground in a meat 
grinder. The ground material was mixed and a 100-g 
subsample was taken from each ground fish in order that 
larger fish did not bias the sample. Subsamples were 
pooled and homogenized in a blendor. A specific amount 
of distilled water was added to facilitate homogenizing. 
A sample of the homogenate was then taken and frozen 
in an aluminum foil package until residue was extracted. 
The only exception to this procedure was the treatment 
of small fish less than 1 year old when the individuals 
were very similar in size. After their entire bodies were 
ground, they were run through the blendor without 
subsampling. 


Nonfish samples including unfiltered water were ex- 
tracted directly for residue analysis. 


RESIDUE EXTRACTION AND ANALYSIS 


Subsamples measuring 10 g were placed in an omnimixer 
with 50 ml redistilled hexane and enough anhydrous 
sodium sulfate to absorb the water. The mixture was 
blended at high speed for 1-2 minutes, and was then 
decanted through No. 43 Whatman filter paper into a 
100-ml suction flask. The residue was extracted with 
two additional portions of hexane as described above; 
extracts were filtered and combined in a suction flask. 
The container, filter paper, and contents were washed 
with a final 10-ml portion of hexane. The total hexane 
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extract was transferred to a round-bottom flask for con- 
centration under vacuum at 35°-40° C to 2-3 ml hexane. 
The concentration was transferred quantitatively to a 
15-ml centrifuge tube using small portions of hexane 
totaling 5 ml. An aliquot was used for cleanup and gas 
chromatographic (GC) analysis. 


For the cleanup procedure a silica gel chromatographic 
microcolumn was prepared by loosely packing a plug of 
glass wool about 4 cm from the tip of a disposable 
pipette and then adding 1 g of high-purity silica gel 
(No. 950, 60-200 mesh). Prior to column chromatog- 
raphy, so!vent extract was evaporated to 1 ml. For 
partial deactivation of silica gel, the 1 ml concentrated 
extract used for charging the column was saturated with 
5 yl distilled water and transferred quantitatively to 
the column. It was permitted to percolate through the 
column at 1-2 ml/min. Column walls were rinsed with 
small hexane portions. When the solvent reached the top 
of the silica gel, elution with the desired solvent was 
begun. 


Eluting solvents were 2, 7, and 70 percent benzene in 
hexane, 100 percent benzene, and 8 percent ethyl acetate 
in benzene. The eluate was collected in a 15-ml gradu- 
ated centrifuge tube. Eluates were concentrated sepa- 
rately to 1 ml by a nitrogen stream just before GC 
(1,2). 


Analyses were performed with a Barber-Coleman GC 
equipped with an electron-capture detector. Operating 
conditions were as follows: 


Column: 6 ft-glass packed with 3 percent DC-11 on 
60-80 mesh silanized Gas-Chrom P 
Column 200°C 

Detector 220°C 

Injector 240°C 

Nitrogen at a flow rate of 37 ml/min 


4 wl extract in hexane 


Temperature: 


Carrier Gas: 
Volume injected: 


Each sample was analyzed for endrin, aldrin, dieldrin, 
heptachlor, heptachlor epoxide, o,p'-DDT, p,p’-DDT, 
DDE, and p,p’-DDD. The sensitivity was 0.01 ppm. 
Residue levels were not corrected because recovery fiom 
fortified samples was essentially 100 percent. 


Results and Discussion 


FISH POPULATION 


Table 1 lists the species of fishes collected in Tuttle 
Creek Reservoir during various studies (3-5), their rela- 
tive abundance, trophic relation, and sport category. 
Species sampled are among the most common and, 
therefore, ecologically important. They include the 
major sport species and represent a wide range of 
trophic positions. 


PESTICIDE RESIDUES 


Results of pesticide residue analyses are given in Tables 
2 and 3. Values other than trace residues were rounded 
to the nearest 0.01 ppm. No residues of endrin, aldrin, 
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heptachlor, or heptachlor epoxide were detected in any 
sample. Dieldrin and ZDDT residues were the only 
compounds detected. 


Dieldrin was detected at 0.01 ppm in one of six water 
samples. It was not detected in any sediment samples 
but was detected in three of four periphyton samples at 
levels ranging up to 0.01 ppm. Five of six zooplankton 
samples had dieldrin levels as high as 0.01 ppm. Of the 
five insect samples, four contained dieldrin levels that 
ranged up to 0.01 ppm. Of the 102 fish samples, 97 
percent contained dieldrin residues ranging from a trace 
to 0.17 ppm. Most residue values were less than 0.10 
ppm. The few which were higher occurred in gizzard 
shad, river carpsucker, smallmouth buffalo, and fresh- 
water drum, all nongame species. 


DDT residues were found in one of six water samples 
at a level of 0.02 ppm but not in any bottom sediment 
sample. It was detected in two of four periphyton 
samples; the highest level was 0.42 ppm. Four of the six 
zooplankton samples had traces of DDT compounds. 
ZDDT residues were detected in four of five samples 
samples at levels up to 0.05 ppm. Of the fish samples 
tested, 98 percent contained detectable DDT residues 
ranging from a trace to 0.57 ppm; most of these residues 
were less than 0.10 ppm. Higher amounts were found 
at least once in each species except carp and white 


TABLE 1. Fishes collected from Tuttle Creek Reservoir 





RELATIVE 
ABUNDANCE * 


TROPHIC UsE 


SPECIES 3 POSITION ? CATEGORY 





Longnose Gar ¢ ++ high rough 
Gizzard Shad ¢ low forage 
Northern Pike high sport 
Stoneroller low forage 
Goldfish low rough 
Carp ¢ rough 
Golden Shiner forage 
Suckermouth Minnow forage 
Minnows (Notropis sp.) forage 
Minnows (Pimephales sp.) forage 
River Carpsucker ¢ 
White Sucker 
Smallmouth Buffalo ¢ 
Bigmouth Buffalo 
Black Buffalo 
Shorthead Redhorse 
Blue Catfish 

Black Bullhead 
Yellow Bullhead 
Channel Catfish ¢ 
Flathead Catfish 
White Bass ¢ 

Green Sunfish 
Orangespotted Sunfish 
Bluegill 


aa 
+ 
ao 


+++ 4+ ++ 
a 


+4. 


+++ 
— + 


Largemouth Bass 
White Crappie ¢ 
Black Crappie 
Walleye ¢ 
Freshwater Drum ¢ 


high 


med rough 


FEFEHE FEFFEEFEFEEF E+E E+E 44444 


++ ++ + 
aa 


+ 














1 Accepted common names of fishes established by American Fisheries 
Society (See Literature Cited, reference 11). 

24 = sparse, + + = moderately abundant, + +-+ = abundant. 

3 Low = omnivorous diet of algae, detritus, microcrustacea; medium = 
diet of microcrustacea, insects, and occasional small fish; high = diet 
mainly of other fishes. 

4 Analyzed in this study. 
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crappie. Highest levels in fishes were found in a fresh- 
water drum sample (0.57 ppm) and a smallmouth 
buffalo sample (0.43 ppm). 


No residue pattern was discernible in regard to time of 
year or end of reservoir sampled. Classical biological 
magnification was not noticeable in the fishes. Species 
at the lowest trophic level had residues as high or higher 
than those at the highest trophic positions. 


Comparing these results with those of the National Pes- 
ticides Monitoring Program shows that levels in Tuttle 
Creek Reservoir are relatively low. Henderson et al. 
(6,7) found that 75 percent of the whole-body fish 
samples taken nationally in 1967-68 contained dieldrin 
levels of nearly 2 ppm. In 1969 they found dieldrin in 
93 percent of the samples with levels up to 1.59 ppm. 
In the present study dieldrin was detected in a higher 
percentage (97 percent) of samples but at considerably 
lower levels: the highest was 0.17 ppm. Henderson et al. 
(6,7) showed ZDDT levels as high as 45 ppm in 99 
percent of the 1967 samples and as high as 57.8 ppm 
in 100 percent of the samples taken in 1969. The present 


study reports [DDT residues in almost all samples (98 
percent), but the highest level detected was 0.57 ppm. 


Results of other pesticide residue surveys in Kansas are 
similar to those of the current study. Klaassen and 
Kadoum (8) found dieldrin in 15 percent of the 
samples. The highest whole-body residue was 0.08 ppm 
in fish of the Smoky Hill River of western Kansas during 
1967-69. [DDT residues were detected in 75 percent 
of these samples; the highest whole-body level was 0.10 
ppm. The use of different species in other surveys makes 
the accuracy of direct comparisons questionable. 


The Kansas Forestry, Fish and Game Commission (9, 
10) found organochlorine insecticides in 98 percent of 
the fish samples in 1971. ZDDT residues were detected 
in 89-96 percent of all samples collected; mean levels 
ranged from 0.19 to 0.21 ppm. Dieldrin was in 61-76 
percent of the samples in amounts slightly higher than 
those detected in this survey. In 1972 the Commission 
found organochlorine insecticides in 91 percent of the 
fish samples. [DDT residues were detected in 89-90 
percent of the samples with levels ranging from 0.03 to 
0.27 ppm. Dieldrin levels ranging from 0.03 to 0.42 ppm 
were found in 40 percent of the samples. 


TABLE 2. Pesticide residues in aquatic ecosystem, north end of Tuttle Creek Reservoir—1970-71 





SUMMER 1970! 


Fatt 19702 Sprinc 197134 





Go; Gg 
oO; 9 
m) oO 


SAMPLE 


g 
i) 
™ 





Lake water 

Bottom sediment 
Periphyton 
Zooplankton 
Diptera larvae 
Mayfly (Hexagenia) 
Gizzard shad 


River carpsucker 


Smallmouth buffalo 
Carp 
Channel catfish 


Freshwater drum 


White crappie 


White bass 


Walleye 




















Longnose gar M(4) 





nymphs 


M(2) 
L(6) 


L(10) 


L(10) 
L(10) 


M(10) 
L(8) 
S(2) 
L(5) 
S$(10) 
M(10) 
L(4) 
S(2) 
L(10) 
S(1) 
L(2) 




















M(1) 




















NOTE: ND = not detected. 
T = trace. 
1 Samples collected August 3-5. 
2 Samples collected October 30-November 5. 
% Samples collected April 7-May 20. 


*S, M, L = small, medium, large. Number of individuals in each sample reported in parentheses. 


92 


PESTICIDES MONITORING JOURNAL 





TABLE 3. Pesticide residues in aquatic ecosystem, south end of Tuttle Creek Reservoir—1970-71 





SUMMER 19701 FALL 19702 Sprinc 19712 


~] ~] 9 
| 8 : 





SAMPLE 





Lake water 
Bottom sediment 
Periphyton 
Zooplankton 


Mayfly nymphs nymphs 
(Hexagenia) adults 


Gizzard shad S(80) ) $(10) 
M(10)} 0. d i T M(10) 
L(10) / L(10) 


River carpsucker $(12) S(4) 
L(10) F L(4) 


Smallmouth buffalo L(10) J i / i L(3) 
Carp M(10) X L(10) 


Channel catfish $(10) T S(4) 
L(i0) 5 M(7) 
L(10) 
Freshwater drum §(12) : S(3) 
L(8) i L(4) 
White crappie $(10) S(8) 
L(10) T M(10) 


White bass S(4) $(10) 
L(2) M(10) 


Walleye S(5) S(9) 
L(6) i . L(6) 


Longnose gar M(10) 



























































NOTE: ND = not detected. 
T = trace. 
1 Samples collected August 7-18. 
2 Samples collected October 20-November 1. 
* Samples collected March 30-May 20. 
*S, M, L = small, medium, large. Number of individuals in each: sample reported in parentheses. 
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RESIDUES IN FOOD AND FEED 


Pesticide Residues in Total Diet Samples (VIII) 


D. D. Manske and R. D. Johnson 1 


ABSTRACT 


During the eighth year of the Total Diet Study, residues 
remained at the relatively low levels reported previously. 
A total of 35 market baskets were collected in 32 cities 
which ranged in population from less than 50,000 to 
1,000,000 or more. Averages and ranges of residues found 
are reported for the period June 1971 through July 1972 
by region and food class. Results of recovery studies within 
various classes of residues are also presented. 


Introduction 


This report presents results obtained in the Total Diet 
Program (/) of the Food and Drug Administration 
(FDA), U.S. Department of Health, Education, and 
Welfare, for the period June 1971 through July 1972. 
The amounts and types of residues found from June 
1964 through April 1971 have been described in earlier 
reports (2-8). Seven samples were collected in each of 
the five regions at 35 different grocery markets. These 
markets were located in 32 different cities. Unless other- 
wise stated, the conditions, procedures, methodology, 
and limits of quantitation were the same as those de- 


scribed in the last report (7, 9-/3. Also: H. K. Hundley 
and J. C. Underwood, Food and Drug Administration, 
1970: personal communication; and J. Okrasinski, Food 
and Drug Administration, 1970: personal communica- 
tion). 


Results 


A total of 1,003 residues of 35 different materials were 
found in samples in the current reporting period, which 
covered 35 market baskets. In the previous reporting 
period, 1,081 residues of 33 different chemicals were 
found in 30 market baskets. Because of the procedural 
changes made during the previous reporting period, it 
is difficult to assess the significance of the overall values 
for frequency of occurrence. An example of one of 
these changes was the discontinuance of the bromide 
analysis in the middle of the previous reporting period. 
The 35 different residues found are listed in decreasing 
order of frequency in Table 1. 





1Kansas City Field Office Laboratory, Food and Drug Administration, 
U.S. Department of Health, Education, and Welfare, Kansas City, 
Mo. 64106. 


TABLE 1. Pesticide residues in food composites, June 1971 - July 1972 





PESTICIDE 


No. POSITIVE 
No. Composites WITH 
COMPOSITES RESIDUES REPORTED 


WitH RESIDUES As Trace! RANGE, PPM 





CADMIUM 
DIELDRIN 


Not less than 85% of 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a- 


octahydro-1,4-endo-exo-5,8-dimethanonaphthalene 
DDE 


1,1-dichloro-2,2-bis (p-chlorophenyl) ethylene (isomers other than p,p’ also included 


in reportings) 
MALATHION 


diethyl mercaptosuccinate, s-ester with 0,o-dimethyl phosphorodithioate 


DDT 


1,1,1-trichloro-2,2-bis (p-chloropheny!) ethane (isomers other than p,p’ also 


included in reportings) 


256 0 
110 41 


0.01-0.14 
0.001-0.016 


64 0.002-0.048 


0.004-0.492 


0.004-0.045 














(Continued next page) 
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TABLE 1 (cont’d.). Pesticide residues in food composites, June 1971 - July 1972 





PESTICIDE 


No. 
COMPOSITES 
WITH RESIDUES 


No. POsITIvE 
Composites WITH 
RESIDUES REPORTED 

As Trace? 


RANGE, PPM 





TDE 


1,1-dichloro-2,2-bis (p-chlorophenyl) ethane (isomers other than p,p’ also 
included in reportings) 


PCB’s 
(polychlorinated biphenyls). Calculated as Aroclor ® with varied chlorine content 
54% and 60% reported this period 

DIAZINON 
0,0-diethyl o-(2-isopropyl-6-methyl-4-pyrimidinyl) phosphorothioate 


1,2,3,4,5,6-hexachlorocyclohexane, mixed isomers except gamma 
HEPTACHLOR EPOXIDE 
1,4,5,6,7,8,8-heptachloro-2,3-epoxy-3a,4,7,7a-tetrahydro-4,7-methanoindan 
MERCURY 
ENDOSULFAN 
6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzodioxathiepin 
3-oxide (reportings include isomers I, II, and the sulfate) 
LINDANE 
1,2,3,4,5,6-hexachlorocycloh , 99% or more gamma isomer 
PARATHION 
o,0-diethyl o-p-nitrophenyl phosphorothioate 
CIPC 
isopropyl n-(3-chlorophenyl) carbamate 
ETHION 
0,0,0’,0’-tetraethyl s,s’-methylene bisphosphorodithioate 
ARSENIC (As,0,) 
DICOFOL (KELTHANE®) 
4,4’-dichloro-a-(trichloromethyl) benzhydrol 
METHYL PARATHION 
o,o-dimethyl o-p-nitrophenyl phosphorothioate 
ORTHOPHEN YLPHENOL 
2-hydroxydiphenyl 
CARBARYL 
1-napthyl methyl carbamate 
BOTKAN ® 
2,6-dichloro-4-nitroaniline 
HCB 
hexachlorobenzene 
ENDRIN 
1,2,3,4,10,10-hexachloro-6,7-epoxy-1 ,4,4a,5,6,7,8,8a-octahydro-1,4- 
endo-endo-S ,8-dimethanonaphthal 
PERTHANE 
1,1-dichloro-2,2-bis (p-ethyl phenyl) ethane 
PCA 
pentachloroaniline 
CAPTAN 
n-trichloromethylthio-4-cyclohexane-1,2-dicarboximide 
PHOSALONE 
0,0-diethyl s-(6-chloro-2 b din-3-yl) methyl phosphorodithioate 
METHOXYCHLOR 
1,1,1-trichloro-2,2-bis (p-methoxyphenyl) ethane 
TOXAPHENE 
chlorinated camphene containing 67% to 69% chlorine 
CHLORDANE 
(Technical). Cis and trans isomers of 1.2,4,5,6,7,8,8-octachloro- 
3a,4,7,7a-tetrahydro-4,7-methanoindane plus approximate 50% related compounds 
RONNEL 
o,o-dimethyl o-2,4,5-trichlorophenyl phosphorothioate 

















yacetic acid 


Not less than 95% of 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a- 
hexahydro-1,4-endo-exo-5,8-dimethano naphthalene 





57 


51 


51 


47 





41 


46 


32 


32 


27 


0 
16 





0.005-0.043 


0.035-0.15 


0.002-0.016 


0.01-0.013 


0.003-0.020 


0.02-0.08 


0.003-0.010 


0.001-0.005 


0.005-0.006 


0.008-1.40 


0.007-0.027 


0.1-0.7 
0.005-0.77 


0.007-0.010 


0.1-0.4 


0.02 


0.006-0.069 


0.002-0.011 


0.006 


0.013-0.215 


0.005-0.023 


0.007 


0.034-0.089 


0.015 


0.10 


0.59 





1 Trace implies residues detected and qualitatively confirmed at too low a level to be quantified. 


See reference (7) for further explanation. 
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TABLE 2a. Levels of pesticide residues commonly found—by food class and region, 
June 1971 - July 1972 





CHEMICAL BI BALTIMORE BosTon | Kansas City Los ANGELES | MINNEAPOLIS 
RESIDUES, PPM 
I. Damy Propucts 











DIELDRIN 
Average 
Positive Composites 
Number 


Range 


DDE 
Average 
Positive Composites 
Number 
Range 


BHC 
Average 
Positive Composites 
Number 


HEPTACHLOR EPOXIDE 
Average 
Positive Composites 
Number 


Range 


CADMIUM 


Average t 0.01 
Positive Composites 
Number 


1 5 
Range 0.01 0.01-0.03 





II. MEAT, FIsH, AND POULTRY 





DIELDRIN 


Average / 0.002 0.002 0.003 
Positive Composites 


Number 
Range 


‘ 5 7 
T-0.003 T-0.006 T-0.009 


DDE 
Average y 0.004 0.032 
Positive Composites 

Number 


5 7 
Range T0.012 0.015-0.048 
DDT 
Average i 0.005 0.003 
Positive Composites 
Number 
Range 
PCB’s 
Average T 
Positive Composites 
Number 6 
Range z 
TDE 
Average 
Positive Composites 
Number 


Range 


CADMIUM 
Average 
Positive Composites 
Number 
Range 


6 
T-0.023 


MERCURY 
Average 
Positive Composites 
Number 


Range 


ARSENIC 
Aver: 
Positive Composites 
Number 
Range 











PCB’s 
Average 
Positive Composites 
Number 
Range 
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TABLE 2a (cont’d.). Levels of pesticide residues commonly found—by food class and region, 


June 1971 - July 1972 





CHEMICAL 


BALTIMORE 


Boston 


Kansas City 


Los ANGELES 


MINNEAPOLIS 





MALATHION 
Average 
Positive Composites 
Number 
Range 


DIAZINON 
Average 
Positive Composites 
Number 
Range 


CADMIUM 
Average 
Positive Composites 
Number 
Range 


0.017 


7 
T-0.033 


0.001 


4 
T-0.006 


0.03 


7 
0.01-0.05 


0.017 


7 
T-0.038 


T 
3 
T 
0.04 


4 
0.02-0.05 


0.019 
7 
T-0.029 


0.001 


5 
T-0.006 


0.03 


0.019 


7 
0.008-0.025 


T 


0.02 


7 
0.01-0.04 


0.018 


7 
0.011-0.031 


0.001 

6 
T-0.005 
0.03 


7 
0.02-0.03 





IV. POTATOES 





CIPC 
Average 
Positive Composites 
Number 
Range 


DIELDRIN 
Average 
Positive Composites 
Number 
Range 


CADMIUM 
Average 
Positive Composites 
Number 
Range 


0.105 


3 
0.080-0.504 


T 
2 


T 


2 
T-0.001 


0.06 


6 
0.03-0.14 


0.291 


4 
0.012-1.40 


0.003 


4 
T-0.016 


0.05 


4 
0.02-0.10 


0.001 


1 
0,008 


T 


2 
0.001-0.002 


0.06 


7 
0.02-0.09 


0.039 


2 
0.102-0.170 


0.001 

2 
T-0.004 
0.05 


7 
0.03-0.10 





V. LEAFY VEGETABLES 





DIAZINON 
Average 
Positive Composites 
Number 
Range 


PARATHION 
Average 
Positive Composites 
Number 
Range 


CADMIUM 
Average 
Positive Composites 
Number 
Range 


0.003 


3 
T-0.015 


T 


1. 
= 


0.03 


6 
0.02-0.05 


7 
0.03-0.11 





VI. LEGUME VEGETABLES 





CADMIUM 
Average 
Positive Composites 
Number 
Range 


0.01 


2 
0.02-0.05 


<0.01 


2 
0.01-0.02 





VII. Root VEGETABLES 





CADMIUM 
Average 
Positive Composites 
Number 
Range 


0.03 


6 
0.02-0.07 


0.02 


5 
0.02-0.04 





VIII. GARDEN Fruits 





DIELDRIN 
Average 
Positive Composites 
Number 


TDE 
Aver: 
Positive Composites 
Number 
Range 





0.002 


6 
T-0.004 


0.012 


5 
T-0.043 





0.002 


4 
T-0.006 


0.001 


4 
T-0.006 
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TABLE 2a (cont’d.). Levels of pesticide residues commonly found—by food class and region, 
June 1971-July 1972 





CHEMICAL BALTIMORE BosToNn KAnsAs Crry Los ANGELES MINNEAPOLIS 





CADMIUM 


Average 0.02 0.02 0.02 0.01 0.03 
Pasitive Composites 
Number 


6 5 7 $s 
Range 0.01-0.08 0.01-0.05 0.01-0.02 








IX. Fruits 





KELTHANE 
Average 0.003 0.007 
Positive Composites ; 
Number 1 2 
Range 0.019 T-0.046 
ETHION 
Average 0.003 0.006 0.001 
Positive Composites t 
Number 3 2 3 
Range 0.013-0.027 T-0.007 
ENDOSULFAN 
(I, II, and the Sulfate) 
Average ‘ T 0.003 
Positive Composites 
Number 2 2 2 
Range T T-0.020 





X. Os, FATs, AND SHORTENING 





MALATHION , 
Average 0.098 0.039 
Positive Composites 

Number 6 6 5 
Range 0.02-0.492 0.01-0.131 

DDE 
Average T 
Positive Composites 

Number 4 
Range T-0.003 

DDT 
Average 0.002 
Positive Composites 

Number 3 
Range T-0.007 


CADMIUM 
Average u 0.01 
Positive Composites 

Number 
Range 

TDE 
Average 
Positive Composites 

Number 


DIELDRIN 


Average = 0.002 
Positive Composites 
Number 


2 3 2 
Range T 0.003-0.015 





XI. SuGARS AND ADSUNCTS 





BHC : 
Average T 0.001 ; 0.001 T 
Positive Composites 

Number 1 3 2 2 
Range 0.002 0.001-0.003 0.002-0.003 z 

CADMIUM ‘ 
Average <0.01 <0.01 j 0.01 0.01 
Positive Composites “ 

Number 1 1 3 3 3 
Range 0.02 0.02 0.01-0.03 0.01-0.05 0.01-0.02 




















NOTE: Seven composites examined from each of five regions: Baltimore, Boston, Kansas City, Los Angeles, and Minneapolis. Residues listed are 
averages of the seven composites from each site. 
— denotes not applicable. 
T = trace; see definition, Table 1. 
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TABLE 2b. Pesticides found infrequently—by food class and region, June 1971 - July 1972 





PESTICIDE 


REGION 


No. COMPOSITES 


| 


RESIDUES. PPM 





I. Damy Propucts 





Mercury 
TDE 


DDT 


Methoxychlor 
PCB’s 


Boston 
Kansas City 
Baltimore 


Baltimore 
Los Angeles 


Baltimore 


Boston 
Los Angeles 


— te 


HH HH © 
= 8 


a4 4 





II. MEAT, FisH, AND POULTRY 





Heptachlor Epoxide 


Diazinon 


Kansas City 
Baltimore 
Boston 

Los Angeles 
Minneapolis 
Kansas City 
Baltimore 
Boston 

Los Angeles 


Kansas City 
Baltimore 
Boston 

Los Angeles 
Minneapolis 
Baltimore 
Minneapolis 


me =e WN Nee We NUwW 


He 
n8 
° 
8 


4 AHH 
4 


= 


3 


Hae 4 
4 4 


Hea ade444 SHod FHA 





TIT. GRAIN AND CEREAL 





Mercury 
Parathion 
Dieldrin 


Lindane 
DDT 


TDE 


Ronnel 

Heptachlor Epoxide 
BHC 

Chlordane 


Boston 
Baltimore 


Kansas City 
Minneapolis 


Los Angeles 
Baltimore 
Boston 

Los Angeles 
Kansas City 
Boston 

Los Angeles 
Boston 


Los Angeles 
Minneapolis 


Kansas City 
Los Angeles 
Los Angeles 
Boston 


-_ Ne ee ee Oe No 


a4 
“4 


Se 8484 e545 4 








BHC 
Endrin 


Heptachlor Epoxide 


Mercury 
DDT 


TDE 
PCB’s 
Diazinon 


Endosulfan 
(I, TI, and the Sulfate) 





Baltimore 
Baltimore 
Boston 


Boston 
Minneapolis 
Los Angeles 
Baltimore 
Boston 

Los Angeles 
Minneapolis 
Kansas City 
Baltimore 
Boston 

Los Angeles 
Minneapolis 
Boston 
Baltimore 


Baltimore 
Minneapolis 
Baltimore 





“ee = = NNNNN Kee | Ne eH 





ta 3" 4 454544 S44 
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TABLE 2b (cont’d.). Pesticides found infrequently—by food class and region, 
June 1971 - July 1972 





PESTICIDE | REGION | No. COMPOSITES RESIDUES. PPM 
V. LEAFY VEGETABLES 








Methyl Parathion Kansas City 
Baltimore 
Boston 
Minneapolis 
Carbaryl Kansas City 
Baltimore 
HCB Baltimore 
Botran Baltimore 
BHC Baltimore 


Perthane Baltimore 
Boston 


Endosulfan Boston 

(I, II, and the Sulfate) Los Angeles 
Minneapolis 
DDE Kansas City 
Baltimore 
Boston 

Los Angeles 


DDT Boston 
Los Angeles 


TDE Boston 
Malathion Boston 
2,4-D Los Angeles 
Kelthane Boston 


Dieldrin Los Angeles 
Minneapolis 


Toxaphene Los Angeles 


pA 


meee ON Ne et ON 





VI. LEGUME VEGETABLES 
DDE Kansas City 
Los Angeles 


DDT Kansas City 
Baltimore 


Dieldrin Boston 
PCB’s Los Angeles 
Minneapolis 


TDE Kansas City 
Baltimore 


Los Angeles 
Parathion Minneapolis 





ee ee ee ee) 
Sees SH Co 8H AH 





VII. Root VEGETABI ES 





DDE Baltimore 
Los Angeles 


Parathion Baltimore 
DDT Baltimore 


Dieldrin Boston 
Los Angeles 


PCB’s Los Angeles 
Lindane Boston 
Mercury Kansas City 


—_— = tlt 





VIII. GarvEN Fruits 
Carbaryl Kansas City 
Minneapolis 
BHC Kansas City 
Los Angeles 
Minneapolis 
Kansas City 
Baltimore 


Boston 
Minneapolis 


PCB’s Boston 
(Continued next page) 
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TABLE 2b (cont'd.). Pesticides found infrequently—by food class and region, 
June 1971 - July 1972 





PESTICIDE REGION No. COMPOSITES 





Boston 
Los Angeles 


Endrin Los Angeles 
Parathion Los Angeles 
Lindane Los Angeles 


Endosulfan Kansas City 
(1, II, and the Sulfate) Baltimore 
Boston 
DDT Baltimore 


Boston 
Los Angeles 


Heptachlor Epoxide Los Angeles 
Minneapolis 


BxAA 
4H 
=| 


Le her her} 


—— Nee NW BS ee We 
. 
=) 


bee ae | 





IX. Fruits 





Perthane Baltimore 
Boston 
Dieldrin Boston 

Los Angeles 
Phosalone Baltimore 
Los Angeles 
Captan Kansas City 
Minneapolis 
Botran Kansas City 
Baltimore 
Boston 
Minneapolis 
Orthophenylphenol Kansas City 
Baltimore 
Los Angeles 
Minneapolis 
BHC Kansas City 
Aldrin Kansas City 
Methoxychlor Baltimore 


Malathion Boston 
Minneapolis 


DDT Boston 
Lindane Baltimore 


Cadmium Kansas City 
Baltimore 
Boston 

Los Angeles 
Minneapolis 
Diazinon Kansas City 
Baltimore 
Los Angeles 
Minneapolis 
Methyl Parathion Boston 


Carbaryl Los Angeles 
Minneapolis 
DDE Boston 

Los Angeles 
TDE Los Angeles 


0.01, 0.01, 0.02 
0.01 
0.02 


.02 
0.01, 0.02 


T, 0.002 
T,T 
0.002 


0.007 


Cn ee ee el ee 





X. Os, Fars. AND SHORTENING 


Kansas City 
Baltimore 

Los Angeles 
Minneapolis 





Pentachloroaniline Baltimore 
Boston 
Minneapolis 


HCB Baltimore 
Boston 
Minneapolis 


Parathion Kansas City 
BHC Boston 


— ee et et et 
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TABLE 2b (cont’d.). Pesticides found infrequently—by food class and region, 
June 1971 - July 1972 





PESTICIDE REGION 


No. COMPOSITES RESIDUES, PPM 





PCNB 
Heptachlor Epoxide 
Diazinon 


Boston 
Boston 
Los Angeles 


1 T 
1 T 
1 T 





XI. SuGars AND ADJUNCTS 





Dieldrin 
Lindane 


Kansas City 


Kansas City 
Baltimore 
Boston 

Los Angeles 
Minneapolis 


Kansas City 
Baltimore 


Malathion 


PCB’s Kansas City 


Minneapolis 
Kansas City 
Boston 

Los Angeles 
Minneapolis 
Kansas City 
Los Angeles 
Minneapolis 


Diazinon 


Kansas City 
Minneapolis 
Kansas City 
Minneapolis 


Sede O44 


—— i et eet Nt et et et Ne 


Se Se ee 4A 





XII. BEVERAGES 





Cadmium Kansas City 
Boston 


Minneapolis 








0.01, 0.02 
0.05, 0.01 
0.01 








NOTE: Seven composites examined from each of five regions: Baltimore, Boston, Kansas City, Los Angeles, and Minneapolis. Residues listed are 


averages of the seven composites from each site. 
T = trace; see definition, Table 1. 


The most common residues, maximum levels of those 
residues, and residues reported less frequently are dis- 
cussed below for each of the 12 food composites. Find- 
ings are reported in more detail in Tables 2a and 2b. 
Averages were calculated by dividing the sums of the 
residues found by the total number of composites exam- 
ined from each region (seven in all cases). None of 
the reported findings have been corrected for recovery. 
Table 3 summarizes recovery studies. 

DAIRY PRODUCTS 

Of 35 composites examined, 32 contained residues. 
Organochlorine residues were the most prevalent, ap- 
pearing in 32 composites. The most common and their 
maximum concentrations were dieldrin, 0.005 ppm; 
DDE, 0.015 ppm; BHC, trace; and heptachlor epoxide, 
0.004 ppm. Also found were DDT, polychlorinated bi- 
phenyls (PCB’s), methoxychlor, and TDE. Cadmium 
appeared in 10 of 35 composites at levels of 0.01-0.03 
ppm. Mercury was found in 1 of 35 composites at 
0.02 ppm. 

MEAT, FISH, AND POULTRY 

Eight organochlorine compounds were found in varying 
combinations in all 35 composites. Most common or- 
ganochlorine residues and their maximum concentra- 


102 


tions were DDE, 0.048 ppm; dieldrin, 0.009 ppm; DDT, 
0.045 ppm; TDE, 0.013 ppm; and PCB's, 0.081 ppm. 
Heptachlor epoxide, BHC, and lindane were also found. 
Trace levels of diazinon were found in 2 of 35 com- 
posites. Arsenic was found in 8 composites: 0.1-0.7 
ppm; mercury in 19 composites: 0.02-0.03 ppm; and 
cadmium in 19 composites: 0.01-0.07 ppm. 


GRAIN AND CEREAL PRODUCTS 


Organophosphorus residues were the most common in 
this commodity class. Malathion was found in all 35 
composites at a maximum level of 0.038 ppm; diazinon 
was found in 20 composites at a maximum level of 
0.006 ppm. Ten organochlorine compounds occurred in 
various combinations in 27 composites. The most com- 
mon of these were PCB’s at a maximum level of 0.101 
ppm. Other residues detected were DDT, DDE, TDE, 
dieldrin, BHC, lindane, ronnel, chlordane, heptachlor 
epoxide, and parathion. Cadmium appeared in all 35 
composites ranging from 0.01 to 0.05 ppm and mercury 
appeared in 1 composite at 0.02 ppm. 


POTATOES 


Ten organochlorine compounds were detected in 27 of 
the 35 composites. The most common of these com- 
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TABLE 3. Recovery experiments on pesticides found in total diet samples, June 1971 - July 1972 





TYPE OF SPIKE RANGE OF RANGE OF 


Foop LEVEL, BLANK LEVELS, TOTAL RECOVERED, 
PESTICIDE COMPOSITE PPM PPM PPM 


CARBARYL No 1fatty 0.2 0-T 0.05-0.20 
(0.19) 
ARSENIC Fatty 0.2 0-0.10 0.04-0.31 


(0.00) (0.15) 
Nonfatty 0.2 0-0.040 0.01-0.33 


(0.00) (0.15) 
CADMIUM Fatty 0.10 0-0.020 0.078-0.122 


(0.006) 
Nonfatty 0.10 0-0.020 
(0.004) 
Fatty 0.05 0-0.010 
(0.003 ) 
Nonfatty 0.05 0-0.010 


(0.002) 
MERCURY Fatty 0.06 0-0.025 
(0.006) 
0-0.008 
(0.001) 
CHLORDANE Fatty 0.2 0 0.098-0.167 
(0.145) 

Nonfatty 0.2 0 0.136-0.231 
(0.179) 

PARATHION Fatty 0 0.013-0.018 





Nonfatty 0.06 


Nonfatty . 0-0.006 


(0.001) 
Nonfatty 0-0.005 
(0.001) 
Fatty r 0 


Nonfatty 0 


Fatty ' 0 0.003-0.015 
(0.009) 
0 0.007-0.24 
(0.014) 
MALATHION y 0.029-0.060 


DIELDRIN 


DIAZINON X 0.012-0.018 
(0.015) 
0.014-0.024 
(0.018) 
RONNEL 0.004-0.011 
(0.007) 
0.008-0.011 
(0.010) 
0.011-0.022 
(0.016) 
0.014-0.017 
(0.016) 
0.015-0.019 


Fatty 
Nonfatty 


Fatty 
Nonfatty 




















NOTE: Numbers in parentheses represent average residue levels. 
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pounds and their maximum levels were dieldrin, 0.016 
ppm; CIPC (chlorpropham), 1.40 ppm; DDE, 0.007 
ppm; and DDT, 0.006 ppm. Also detected were hepta- 
chlor epoxide, endrin, PCB’s, BHC, TDE, endosulfan, 
and diazinon. Cadmium was found in 34 composites 
ranging from 0.02 to 0.14 ppm and mercury was found 
in 1 composite at 0.03 ppm. 


LEAFY VEGETABLES 


Residues of 12 organochlorines were discovered in vary- 
ing combinations in 16 composites. Organophosphorus 
residues appeared in 17 composites. The most common 
of these compounds and their maximum levels were 
diazinon, 0.016 ppm; parathion, 0.006 ppm; endosul- 
fan, 0.028 ppm; methyl parathion, 0.010 ppm; and 
DDE, 0.011 ppm. Cadmium was found in 33 of 35 
composites ranging from 0.01 to 0.40 ppm. Other resi- 
dues were DDT, perthane, toxaphene, kelthane (Dico- 
fol), botran, hexachlorobenzene (HCB), BHC, dieldrin, 
TDE, 2,4-D, malathion, and carbaryl. 


LEGUME VEGETABLES 


Five organochlorine residues were observed in 6 of 35 
composites. These included trace levels of PCB’s, DDT, 
TDE, and DDE; 0.014 ppm dieldrin was detected. A 
trace level of parathion was discovered in one compo- 
site. Cadmium was observed in 10 composites ranging 
from 0.01 to 0.05 ppm. 


ROOT VEGETABLES 


Five organochlorine residues were found in 7 of 35 
composites. The most common and their maximum 
levels were DDE, 0.010 ppm; and dieldrin, which ap- 
peared in trace amounts. Mercury was observed in 1 
composite at 0.08 ppm and cadmium was found in 31 
composites ranging from 0.01 to 0.07 ppm. Other 
residues were PCB’s, lindane, DDT, and parathion. 


GARDEN FRUITS 


Various combinations of 10 organochlorine residues 
were detected in 29 of 35 composites. The most com- 
mon of these and their maximum levels were dieldrin, 
0.006 ppm; TDE, 0.043 ppm; BHC, 0.013 ppm; and 
endosulfan, which appeared in trace amounts. Cadmium 
was found in 30 composites ranging from 0.01 to 0.08 
ppm. Other residues were DDE, DDT, heptachlor epox- 
ide, PCB’s, lindane, endrin, diazinon, parathion, and 
carbaryl. 


FRUITS 


Residues of 13 organochlorines were discovered in 19 
of 35 composites. The most common of these and their 
maximum levels were kelthane, 0.077 ppm; endosulfan, 
0.020 ppm; botran, 0.069 ppm; and DDE, which ap- 
peared in trace quantities. Five organophosphorus resi- 
dues were observed in varying combinations in 20 of 
35 composites. The most common and their highest 
levels were ethion, 0.027 ppm; malathion, 0.053 ppm; 
and diazinon, 0.002 ppm. Cadmium appeared in eight 
composites ranging from 0.01 to 0.02 ppm. Other resi- 
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dues were captan, perthane, dieldrin, TDE, DDT, BHC, 
methoxychlor, lindane, aldrin, methyl parathion, phosa- 
lone, carbaryl, and o-phenylphenol. 

OILS, FATS, AND SHORTENING 

Of 35 composites, 26 showed residues of 10 organo- 
chlorines. The most common and their maximum levels 
were DDE, 0.007 ppm; DDT, 0.010 ppm; TDE, 0.015 
ppm; dieldrin, 0.015 ppm; and PCB’s, 0.15 ppm. Mala- 
thion was detected in 25 composites; maximum level 
was 0.492 ppm. Cadmium was found in 30 composites 
ranging from 0.01 to 0.06 ppm. HCB, PCA, heptachlor 
epoxide, BHC, PCNB, parathion, and diazinon were also 
discovered. 


SUGARS AND ADJUNCTS 


Varying combinations of seven organochlorines occurred 
in 18 of 35 composites. The most common and their 
maximum levels were BHC, 0.003 ppm; and lindane, 
0.007 ppm. Trace levels of diazinon appeared in seven 
composites. Cadmium was found in 11 composites. 
DDE, TDE, DDT, dieldrin, PCB’s, and malathion were 
also observed. 


BEVERAGES 


Cadmium appeared in 5 of the 35 composites ranging 
from 0.01 to 0.05 ppm. No other residues occurred in 
these composites. 


Discussion 


Of the 420 composites examined, organochlorine resi- 
dues were found in 226, or 54 percent. Organophos- 
phorus residues were found in 117 composites, or 27.8 
percent. Corresponding quantities of organochlorines in 
previous years were 61.4 percent, 1970-71; 74.2 per- 
cent, 1969-70; and 64.7 percent, 1968-69. For organo- 
phosphorus residues during the same years, correspond- 
ing amounts were 21.4, 20.6, and 16.4 percent. 


Carbaryl occurred in six composites during the present 
reporting period; five of these were at trace levels. This 
appears nearer normal than in the previous reporting 
period, during which a high of 20 composites contained 
carbaryl residues. 


All eight findings of arsenic occurred in Group II: 
Meat, Fish, and Poultry. Levels ranged from 0.1 to 0.7 
ppm. 


Cadmium residues appeared in all 12 composites; maxi- 
mum level was 0.40 ppm. Of the 420 composites 
examined, 256 contained cadmium. 


Only one composite with a chlorophenoxy acid herbi- 
cide was found during this reporting period; no penta- 
chlorophenol (PCP), which is detected by the chloro- 
phenoxy acid method, was found. 


Mercury residues were discovered in 23 of 420 com- 
posites; 19 appeared in Group II: Meat, Fish, and Poul- 
try. Current analyses of individual commodities within 
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this composite corroborate the previous Total Diet re- 
port (7) showing seafood to be the main source of 
mercury in the diet. 


Recovery studies were conducted for all classes of 
chemicals sought throughout the entire year (Table 3). 
Each recovery experiment consisted of a single determi- 
nation for the unfortified food composite and a single 
determination for the fortified sample. These were per- 
formed simultaneously; hence the fortification level was 
occasionally below the level present in the sample. In 
other cases, not enough recoveries were run to permit 
Statistical evaluation; such recovery data are not re- 
ported. 


At very low fortification levels recoveries may range 
from 0 to 200 percent. As the fortification level is raised 
however, the recovery improves. Recovery data demon- 
strate that individual, low-level residues reported may 
vary from the so-called true value but the overall find- 
ings are useful in appraising the national residue picture. 
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Occurrence of Chlorinated Hydrocarbon Insecticides, 
Southern Florida—1968-72 * 


Harold C. Mattraw, Jr. 


ABSTRACT 


The frequency with which chlorinated hydrocarbon insecti- 
cides appear in samples of southern Florida surface waters 
decreased sharply between 1968 and 1972. Sediment analyses 
attest to the earlier widespread use of chlordane, DDT, and 
dieldrin. Insecticide residues are more frequently detected 
in southern Florida than in other U.S. cropland soils. Trans- 
port of DDT, DDD, and DDE from the Everglades agri- 
cultural area into water conservation areas and undeveloped 
parts of the Everglades of southeastern Florida is facilitated 
by a system of water-management canals. Canal sediments 
within the urban area of southern Florida have high DDD, 
DDE, and dieldrin residue concentrations which may reflect 
local use of insecticides rather than their transport from 
adjacent agricultural areas. 


Introduction 


The flat terrain, abundant water, and subtropical climate 
of southern Florida have encouraged an extensive agri- 
cultural economy. Chlorinated hydrocarbon insecticides 
were heavily applied to ensure high agricultural pro- 
ductivity between 1940 and 1965 but recent restrictions 
have reduced use to a few specific crops. The persistence 
of several of the restricted insecticides and the potential 
of the hydrologic system to disperse them throughout 
the area have resulted in the initiation of several pro- 
grams by the Geological Survey, U.S. Department of 
Interior, to analyze water and sediment from much of 
southern Florida (/). 


LAND USE 


The division of southern Florida into general land-use 
categories is shown in Figure 1. Urban development, 
previously restricted to the elevated coastal ridge, is now 
moving into adjacent areas. Agriculture has occupied 
two areas: the Everglades agricultural area, muck lands 
south of Lake Okeechobee, and the eastern agricultural 





1Geological Survey, U.S. Department of Interior, 901 S. Miami Ave- 
nue, Miami, Fla. 33130. 
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area, parts of the rocky glades and sandy flatlands adja- 
cent to the urban area. The Everglades is primarily saw 
grass marsh. The northern part has been converted to a 
water conservation area with an extensive system of 
canals and levees; the southern part includes most of 
the Everglades National Park, which receives regulated 
water discharge from the water conservation areas. The 
western part of the Big Cypress watershed has been 
partly drained to facilitate development, but the eastern 
part is still largely swamp. 


WATER-MANAGEMENT SYSTEM 


The Kissimmee River basin forms the northern end of 
the regional water-management system. Most of the 
surface flow (2) that enters Lake Okeechobee from the 
Kissimmee and from several streams is diverted west- 
ward through the Caloosahatchee River to the Gulf of 
Mexico or eastward through the St. Lucie Canal to the 
Atlantic Ocean (Fig. 1). A system of levees, canals, 
control structures, pumping stations, and water-storage 
areas permits the management of the freshwater re- 
sources of Palm Beach, Broward, and Dade Counties. 
Levees impound water in Lake Okeechobee and the 
water conservation areas and protect the eastern and 
Everglades agricultural areas and urban area from flood- 
ing during the rainy season, June through October. 
Large pumping stations protect the Everglades agricul- 
tural area and flood-prone areas immediately east of the 
conservation areas by pumping surplus surface runoff 
into Lake Okeechobee or the conservation areas. Water 
can be transferred from conservation areas into Ever- 
glades National Park, agricultural areas, or to the cities 
as demand dictates. 


INSECTICIDE SOURCES AND DISPERSION MECHANISMS 


Chlorinated hydrocarbon insecticides applied to crop- 
lands persist in the soil (3). Inadvertent spraying of 
waterways adjacent to croplands facilitates insecticide 
dispersion by the hydrologic system. Volatilization into 
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FIGURE 1. Major canals and land-use areas, southern Florida 


the atmosphere also disperses insecticides when the vola- 
tile fraction remains in the vapor phase or is adsorbed to 
particulate matter in the atmosphere. The sorbed frac- 
tion returns to the ground surface as dry fallout or in 
rainfall. Erosion of treated soils provides a third mecha- 
nism for introduction of insecticides into the hydrologic 
system. The urban area provides additional pathways 
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for insecticides through the discharge of industrial efflu- 
ents, treated sewage, and storm water runoff. 


Analytical Techniques 


Data were not collected within any strict statistical de- 
sign. Water samples were taken several inches below 
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the surface in hexane-rinsed 1-liter glass or teflon bottles. 
This sampling method has been used because most 
southern Florida water bodies are very shallow. Samples 
collected in the canal system were obtained in the same 
manner so results would not be influenced greatly by the 
highly variable suspended loads characteristic of these 
regulated canals (4). In Geological Survey studies, ana- 
lyses for 11 chlorinated hydrocarbon insecticides were 
run using dual-column electron-capture gas chroma- 
tography according to procedures outlined by Goerlitz 
and Brown (5). Identifications were confirmed by mass 
spectrometry when sufficient sample remained. Interfer- 
ences from PCB concentrations were corrected in 1970 
(6). All earlier chromatograms were reviewed and cor- 
rected if necessary. The detection limit is about 0.005 
pg/liter for water. Values between 0.005 and 0.01 yug/ 
liter are reported as 0.01 yg/liter and values greater 
than 0.10 g/liter are rounded to two significant figures. 


The top 2 inches of bottom sediment was collected 
in wide-mouth hexane-rinsed glass jars using the jar as 
a sampling device. Sediments from canals too deep to 
sample directly were collected using an Ekman dredge. 
If sufficient material was collected, the subsample ana- 
lyzed was taken from the middle of the collected sample. 


Insecticides were extracted from sediment samples with 
an acetone/hexane solvent. The extract was washed with 
distilled water, dried over Na,SO,, and concentrated 
and cleaned on alumina (7). Sediment samples were 
also analyzed for moisture content and insecticide con- 
centrations are reported on a dry-weight basis. Sample 
recovery of chlorinated hydrocarbon insecticides in bot- 
tom materials averaged 97.9 percent (8). The detection 
limit was 0.05 »g/kg; values between 0.05 and 0.1 are 
reported as 0.1. yg/kg. Values greater than 1.0 ng/kg 
are rounded to two significant figures. 


Results 
WATER 


The number of surface water samples analyzed from 
southern Florida and the percentage containing detect- 
able insecticide concentrations are shown in Figure 2. 
The limit of detection was 0.005 yug/liter. Of the 11 
compounds for which technicians tested, only 5, DDT, 
DDD, DDE, dieldrin, and lindane, were detected in 
water samples. The majority of the identifications were 
at the lower detection limit of 0.005 yug/liter. These 
detections may be caused by insecticides adsorbed on 
suspended organic matter. 
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FIGURE 2. Chlorinated hydrocarbon detections in surface waters, southern Florida—1968-72 
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TABLE 1. Detection of insecticides in surface waters, southern Florida—1968-72 
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1969 


1970 


1971 





NO. POSITIVE 
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The frequency of chlorinated hydrocarbon detection 
in southern Florida water samples declined between 
1968 and 1972 (Table 1). Rainfall samples collected in 
southern Florida during the same period have shown a 
concomitant decrease (A. L. Higer, Geological Survey, 
USDI, Miami, Fla., 1973: written communication). The 
decrease in the frequency of detectable insecticide resi- 
dues in southern Florida probably reflects restrictions on 
agricultural applications of these chemical compounds. 
Annual synoptic surveys of U.S. surface waters indicate 


a peak occurrence of chlorinated hydrocarbon insecti- 
cides in 1966 (9). 


SEDIMENT 


The number of southern Florida sediment samples and 
the percentage containing detectable insecticide concen- 
trations (0.05 yg/kg) are shown in Figure 3. Most fre- 
quently detected were chlordane, DDT, DDD, DDE, 
and dieldrin. Less than 5 percent of the samples ana- 
lyzed contained aldrin, lindane, or toxaphene. Chlor- 
dane, dieldrin, DDT, DDD, and DDE were detected 
in a higher percentage of sediment samples from this 
study than in soil sampies collected for the National 
Soils Monitoring Program (/0). Aldrin was detected 
less frequently (Table 2), probably indicating a differ- 
ent insecticide-use pattern in southern Florida than in 
the rest of the Nation. 


Concentrations of DDD in southern Florida sediments 
are illustrated by land-use areas ia Figure 4. Sedi- 
ment samples from the Everglades agricultural area, 
where DDT and DDD were directly applied to soils, 
showed the highest percentage of samples containing 
DDD and the highest concentrations. DDD concentra- 
tions occurred in decreasing order in the urban area, 
Everglades area, eastern agricultural area, and the un- 
developed Big Cypress watershed. The Big Cypress is 
remote from areas of DDT and DDD application and 
probably receives most of its insecticides from atmos- 
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pheric transport mechanisms. The highest DDD con- 
centration reported in the undeveloped Big Cypress was 
6 ng/kg. 

Specific pesticide concentrations were compared to the 
percent of samples containing that amount or less to 
obtain cumulative frequencies of detection. The rela- 
tion between DDE concentrations and the cumulative 
frequencies of detection is illustrated in Figure 5. Distri- 
bution of DDE residues in sediment by land-use area 
is similar to that of DDD (Fig. 4). The slopes of the 
semilogarithmic plots for DDE and DDD are nearly 
equal. This similarity indicates that the occurrence of 
various concentrations of these two pesticides within 
any one land-use area is essentially the same. The 
similarity of concentrations and cumulative frequencies 
of DDD and DDE detection (Fig. 4,5) indicate that 
their dispersion with distance from source areas and 
persistence with time are comparable. 


A comparison of DDD and DDE concentrations in 
canal and marsh sediments of the Everglades area is 
shown in Figure 6. The slopes of the lines representing 
concentrations of these two pesticides versus cumulative 
frequencies of detection are similar. The general slope 
of the lines showing concentrations versus cumulative 


TABLE 2. Frequency of insecticide residue detection in 
cropland soil and sediment, southern Florida—1969-72 





CROPLAND SOIL SEDIMENT 





POSITIVE SAMPLES, POSITIVE SAMPLES, 
%, 1969 %, 1969-72 





Chlordane 
Heptachlor Epoxide 
Toxaphene 
Heptachlor 

Endrin 

Lindane 











NOTE: ND= not detected 
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FIGURE 3. Chlorinated hydrocarbon detections in sediment, southern Florida—1968-72 


frequencies of detection for these compounds in the 
canal environment is steeper than the slope for marsh 
sediments. The higher DDD and DDE concentrations 
in some canal sediment samples indicate higher intro- 
duction rates from the Everglades agricultural area. 


The less frequent occurrence of DDD and DDE in 
sediments from the Everglades canal system appears to 
indicate active transport of sediment within the canals. 
The fine-grained, organically rich sediments have high 
residue levels and are apparently accumulating in a few 
areas where channel geometry and low velocity of flow 
encourage settling. Thus relatively few areas with high 
concentrations of insecticide-rich sediments would be 
expected in the canal system. 


The low slope of the graph of DDD and DDE con- 
centrations versus cumulative frequencies of detection 
for marsh areas (Fig. 6) is probably indicative of the 
uniform aerial introduction of insecticides. Because the 
sluggish surface water flow within marsh areas is less 
efficient in redistributing these insecticide loads, sedi- 
ment concentrations display less variability. The high 
frequency with which DDD and DDE are detected in 
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sediment samples from marsh areas is caused by the 
proximity of the two primary areas of insecticide use, 
the Everglades agricultural area and the eastern agri- 
cultural area. Time does not appear to be a significant 
variable in controlling the slope of the concentration 
versus the cumulative frequency of detection plot. 


The concentration of dieldrin in sediments among 
the various land-use areas is illustrated in Figure 7. 
Dieldrin in sediments is more frequently detected and 
has higher concentrations in the urban area than in any 
other land-use region. The use of dieldrin for eradica- 
tion of domestic termites would account for its more 
frequent occurrence in urban area sediments. Low over- 
all dieldrin concentrations in all land-use areas indicate 
a lower use rate than that of DDT (//). 


The undeveloped Big Cypress watershed has the low- 
est dieldrin concentrations and the lowest frequency of 
dieldrin detection. Because dieldrin moves from solution 
to the atmosphere more slowly than do other chlorinated 
hydrocarbons (/2), it is usually retained more readily 
in the aqueous phase than are the more volatile DDT, 
DDD, and DDE. This behavior would explain its very 
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low occurrence in sediments from the Big Cypress 
watershed, which receives most of its input from the 
atmosphere. The generally low frequency of detectable 
dieldrin suggests a lower application rate. 


Summary 


Restrictions on insecticide use have resulted in less 
frequent detection of several chlorinated hydrocarbons 
in southern Florida surface waters between 1968 and 
1972. Occurrence of these insecticides is expected to 
continue to decrease. 


The tendency for insecticides to be adsorbed by par- 
ticulate matter is well illustrated by the higher fre- 
quency of detectable residues in sediment samples than 
in water samples. The prior widespread application of 
chlorinated hydrocarbons in southern Florida and the 
ability of sediment to retain insecticides and residues 
are indicated by a frequency of occurrence which is 
higher than that determined in the National Soils Moni- 
toring Program. An extensive canal system transports 
sediment and adsorbed chlorinated hydrocarbon insecti- 
cides from a high application area, the Everglades agri- 
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FIGURE 4. DDD concentrations in sediment, southern Florida—1968-72 
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FIGURE 5. DDE concentrations in sediment, southern Florida—1968-72 


cultural area, into the Everglades. The adjacent unde- 
veloped Big Cypress watershed receives little channelized 
runoff from agricultural areas and has lower concen- 
trations of DDD, DDE, and dieldrin than do the Ever- 
glades. 


Concentrations of DDD, DDE, and dieldrin in sedi- 
ments reflect land use. The complex interplay between 
proximity to high application areas, canals transporting 
surface water flow, and the various transport mecha- 
nisms indicates that numerous sediment analyses are 
required to establish the general pattern of insecticide 
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distribution. The variability of concentrations within any 
one area indicates a need to sample numerous locations 
before establishing rigid reference standards. Maximum 
concentrations of sediments in natural areas of southern 
Florida appear to be 6 yvg/kg for DDD, 9 yg/kg for 
DDE, and less than 1 yug/kg for dieldrin. 


Acknowledgments 


Water and sediment samples were gathered by Geo- 
logical Survey personnel in Miami through cooperative 
programs with numerous city, county, State, and Fed- 


PESTICIDES MONITORING JOURNAL 





eral agencies. Noteworthy are the programs with Bro- 
ward County, the National Park Service, the U.S. Army 
Corps of Engineers, and the Central and Southern 
Florida Flood Control District. Analytical work was 
done by the Geological Survey Organics Laboratory, 
Washington, D.C. 


LITERATURE CITED 


(1) Kolipinski, M. C., and A. L. Higer. 1971. Organo- 
chlorine insecticide residues in Everglades National 
Park and Loxahatchee National Wildlife Refuge, Flori- 
da. Pestic. Monit. J. 5(3) :281-288. 

Leach, S. D., H. Klein, and E. R. Hampton. 1972. 
Hydrologic Effects of Water Control and Management 


of Southeastern Florida. Bureau of Geology, Florida 
Department of Natural Resources, Report of Investi- 
gation 60. 115 pp. 


Kearney, P. C., R. G. Nash, and A. R. Isensee. 1969. 
Persistence of pesticide residues in soils. Jn Chemical 
Fallout: Current Research on Persistent Pesticides. 
Proceedings Publication of Rochester University Con- 
ferences on Toxicology. Charles C. Thomas. Spring- 
field, Ill. Pp. 54-67. 


Pitt, W. A., Jr. 1972. Sediment Loads in Canals 18, 
23, and 24 in Southeastern Florida. U.S. Geol. Surv. 
Open-File Rep. 72013. 48 pp. 


Goerlitz, D. F., and E. Brown. 1972. Methods for anal- 
ysis of organic substances in water. U.S. Geol. Surv. 
Techniques, Book 5, chapter A-3. 40 pp. 








DDD AND DDE CONCENTRATIONS, aug / kg 





i | i | 


SEDIMENT 


DOD CANAL 
DDE CANAL 
DDE MARSH 
DOD MARSH 





| 1 } i | 





Uy ' q | 
oO IO 20 30 40 


50 60 70 


PERCENTAGE OF SAMPLES THAT EQUAL 
OR ARE LESS THAN THE VALUE INDICATED 


T T T T 1 
sO 90 








FIGURE 6. DDD and DDE concentrations in sediment, Everglades marsh and canal—1968-72 
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FIGURE 7. Dieldrin concentrations in sediment, southern Florida—1968-72 
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APPENDIX 


Chemical Names of Compounds Discussed in This Issue 





ALDRIN 
CHLORDANE 


DDD 
DDE 


DIELDRIN 


ENDRIN 

HCB 

HEPTACHLOR 
HEPTACHLOR EPOXIDE 
LINDANE 


PCB’S (POLYCHLORINATED 
BIPHENYLS) 


TDE 
TOXAPHENE 


Not less than 95% of 1,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-endo-exo-5,8-dimethanonaphthalene 


1,2,3,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene. The technical product is a mixture of several 
compounds, including heptachlor, chlordene, and two isomeric forms of chlordane. 


See TDE. 
Dichlorodiphenyl dichloro-ethylene (degradation product of DDT) 
Main component (p,p’-DDE): 1,1-Dichloro-2,2-bis(p-chloropheny]l) ethylene 
o,p’-DDE: 1,1-Dichloro-2-(o-chloropheny])-2-(p-chloropheny]) ethylene 
«-Bis (p-chlorophenyl) 8,8,8-trichloroethane. Numerous isomers in addition to p,p’-DDT are possible, and some 
are present in the commercial product. 
o,p’-DDT [1,1,1-Trichloro-2-(o-chloropheny]) -2-(p-chloropheny]) ethane] 


Not less than 85% of 1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-exo-5,8-dimethano- 
naphthalene 


1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-endo-5 ,8-dimethanonaphthalene 


Hexachlorobenzene 





1,4,5,6,7,8,8-Heptachloro-3a,4,7,7a-tetrahydro-4,7-endo. hanoind 
1,4,5,6,7,8,8-Heptachloro 2,3-epoxy-3a,4,7,7a-tetrahydro-4,7-methanoindane 
Gamma isomer of benzene hexachloride 1,2,3,4,5,6-hexachlorocyclohexane of 99+-% purity 


Mixtures of chlorinated biphenyl compounds having various percentages of chloride 


2,2-Bis(p-chloropheny]) -1,1-dichloroethane 


Chlorinated camphene (67-69% chlorine). Product is a mixture of polychlorinated bicyclic terpenes with 
chlorinated camphenes predominating. 
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Information for Contributors 


The PEsticiDES MONITORING JOURNAL welcomes from 
all sources qualified data and interpretive information 
which contribute to the understanding and evaluation of 
pesticides and their residues in relation to man and his 
environment. 


The publication is distributed principally to scientists 
and technicians associated with pesticide monitoring, 
research, and other programs concerned with the fate 
of pesticides following their application. Additional 
circulation is maintained for persons with related in- 
terests, notably those in the agricultural, chemical manu- 
facturing, and food processing industries; medical and 
public health workers; and conservationists. Authors are 
responsible for the accuracy and validity of their data 
and interpretations, including tables, charts, and refer- 
ences. Accuracy, reliability, and limitations of the sam- 
pling and analytical methods employed must be clearly 
demonstrated through the use of appropriate procedures, 
such as recovery experiments at appropriate levels, 
confirmatory tests, internal standards, and inter-labora- 
tory checks. The procedure employed should be ref- 
erenced or outlined in brief form, and crucial points 
or modifications should be noted. Check or control 
samples should be employed where possible, and the 
sensitivity of the method should be given, particularly 
when very low levels of pesticides are being reported. 
Specific note should be made regarding correction of 
data for percent recoveries. 


Preparation of manuscripts should be in con- 
formance to the CBE StyLe MANUAL, 3d ed. Coun- 
cil of Biological Editors, Committee on Form and 
Style, American Institute of Biological Sciences, 
Washington, D. C.,and/or the StyLE MANUAL of 
The United States Government Printing Office. 

——An abstract (not to exceed 200 words) should 
accompany each manuscript submitted. 

——All material should be submitted in duplicate 
(original and one carbon) and sent by first-class 
mail in flat form—not folded or rolled. 
Manuscripts should be typed on 8% x 11 inch 
paper with generous margins on all sides, and each 
page should end with a completed paragraph. 

——All copy, including tables and references, should 
be double spaced, and all pages should be num- 
bered. The first page of the manuscript must con- 
tain authors’ full names listed under the title, with 
affiliations, and addresses footnoted below. 

——Charts, illustrations, and tables, properly titled, 
should be appended at the end of the article with 
a notation in text to show where they should be 
inserted. 


—Charts should be drawn so the numbers and texts 
will be legible when considerably reduced for 
publication. All drawings should be done in black 
ink on plain white paper. 

——Photographs should be made on glossy paper. 
Details should be clear, but size is not important. 


——tThe “number system” should be used for litera- 
ture citations in the text. List references in the 
order in which they are cited in the text, giving 
name of author/s/, year, full title of article, exact 
name of periodical, volume, and inclusive pages. 


The Journal also welcomes “brief” papers reporting 
monitoring data of a preliminary nature or studies of 
limited scope. A section entitled Briefs will be included, 
as necessary, to provide space for papers of this type 
to present timely and informative data. These papers 
must be limited in length to two journal pages (850 
words) and should conform to the format for regular 
papers accepted by the Journal. 


Pesticides ordinarily should be identified by common 
or generic names approved by national scientific so- 
cieties. The first reference to a particular pesticide 
should be followed by the chemical or scientific name 
in parentheses—assigned in accordance with CHEMICAL 
ABSTRACTS nomenclature. Structural chemical formulas 
should be used when appropriate. Published data and 
information require prior approval by the Editorial 
Advisory Board; however, endorsement of published in- 
formation by any specific Federal agency is not intended 
or to be implied. Authors of accepted manuscripts will 
receive edited typescripts for approval before type is set. 
After publication, senior authors will be provided with 
100 reprints. 


Manuscripts are received and reviewed with the under- 
standing that they previously have not been accepted for 
technical publication elsewhere. If a paper has been 
given or is intended for presentation at a meeting, or if 
a significant portion of its contents has been published 
or submitted for publication elsewhere, notations of such 
should be provided. 


Correspondence on editorial matters or circulation mat- 
ters relating to official subscriptions should be addressed 
to: Paul Fuschini, Editorial Manager, PESTICIDES 
MONITORING JOURNAL, Technical Services Divi- 
sion, Office of Pesticides Programs, U. S. Environmental 
Protection Agency, Room B49 East, Waterside Mall, 
401 M Street, S.W., Washington, D. C. 20460. 
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